
Australia 50c 

New Zealand 45c 
South Africa 45c 
Rhodesia 45c 
Nigeria K. 40 
Sweden Kr. 3.50 
Malaysia $1.80 


Also Inside: NOVEL BATTERY ELIMINATOR 

PE. Sound Synthesiser-VOLTAGE CONTROLLED 
OSCILLATOR and INVERTER 







is this the price . 
you pay! ^ * 
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Comoissem 


SAU2 Pickup Arm 


Recognised as one of today's most advanced pickup arms 
t features. 

• Auto-bias Compensator • Hydraulic Lowering Device 
“ ' i Balance • New Adjustable 

Head Shell 



SCU1 Stereo Cartridge 



his equipment. 


Precision Stylus 
Balance 



An inexpensive and useful gift for the hi-fi 

enthusiast. It's simplicity itself to work out and 
adjust the weight of the stylus so as to give correct 
working conditions and perfect results. Covers a 
range from 0-6 grams with igram calibrations. 


A.R. SUGDEN &CO. 
(ENGINEERS) LTD. 





































EMI provides the speaker system to suit 
your needs and your budget, all with one thing 
in common, superb quality of sound over the 
full audio range. Choose from new elegant 
speaker enclosures for the connoisseur; home 
assembly enclosure kits and matched speaker 
kits and a range of basic chassis loudspeakers 
as used in the highest quality sound 
reproduction equipment. 

Send for full details and name of your 
nearest stockist. 


To: EMI Sound & Vision Equipment Limited. EMI Pathe 
Division, 252 Blyth Road, Hayes, Middlesex. 01-573 3888 
Please send me details of EMI loudspeakers 
and name of nearest stockist. 

Address—__ 

'PE/4 


Perfection in Sound 


Records and Entertainment. 
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other 

AMTRON electronic kits 


Apart from the five items 
shown above, there are 
another 195 kits to choose 
from in the vast AMTRON 
range of electronic kits. 

A few examples of equip¬ 
ment you can construct 
from AMTRON kits are: 
Power supplies, preamplifiers, 
amplifiers, accessories for 


musical instruments, amateur 
and radio control 
transmitters and receivers, 
battery chargers, electronic 
car accessories, psychedel ic - 
lighting equipment, measuring 
instruments, tuners, receivers, 
I.C. digital equipment. 

The unique quality of 
AMTRON kits is their 
simplicity'of construction 


which appeals to dabbler and 
expert alike. 

Only 1st class fully 
guaranteed components are 
used - solder is included with 
every kit. 

Prices range from £1.10 to 
£80 and each kit is sold in a 
protective blister pack con¬ 
taining complete instructions. 


Write for catalogue. 

Should you experience any difficulty in obtaining 
AMTRON kits please contact us direct. 
TRADE & EDUCATIONAL ENQUIRIES WELCOME 



ITRj 


WJrKiL 


AMTRON U.K. 4&7 CASTLE STREET, HASTINGS,SUSSEX. TEL: HASTINGS 2875 
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UNjSOUND FOR THE NEW SOUND I 

* 26-12 


complete plus £1 40 packing I £1 40 p 

Stereo headphones with adaptor £4 extra 

AN RTVC EXCLUSIVE DESIGN 


UNISOUND MODULES O 


If you can 

in printed circuit boafl 
i build this push-buttl 
car radio kit. It’s simple—jiff 
follow the step-by-step instructioiB 


THE TOURIST 
PB CAR RADIO KIT 

AN INCREDIBLE BUY 
ONLY FROM @00 \E\ 


The Tourist PB is suitable for 12 volt working on both negative and positive earth * Circuit diagram and 

vehicles. It covers the full medium and long wave bands. It is permeability tuned and comprehensive instructions 
sturdily constructed. Output is a full 2 -5 watts into an 8ohms speaker. But the Tourist 50p free with parts. 

PB will operate into any loudspeaker from 8 to 15 ohms. 

Apart from the output stage, which is an Intergrated circuit, the only other electronic 
components that need soldering are some capacitors, resistors, etc. The kit Includes 
a pre-built RF tuner unit, and fully modulised IF stages which are pre-aligned before 

is electronic components this kit also contains 2 diamond-spun PRICE ONLY £7-70 p. and p. 55p 


aluminium knobs, eTegant matching front panel, dial, washers, screws and wire. H 
The Tourist PB can be mounted in any standard size dash pi . 


Speaker with baffle and fixing strips £1 I 


iCri ilNT Mil III A GOOD QUALITY AMPLIFIER-12 Wat] 
IILLIfUl ■ 1*11*1 V £10 50 (inc. VAT). 20 Watts £13-50 (inc. VA1 

* 5 Electrically Mixed inputs. *3 Individual Mixing controls. 'Separate bass and trebl 
HeIlL —controls common to all 5 inputs. 'Mixer employing F.E.T. (Field Effect Tran&lstora 

I 1 'Solid State Circuitry. 'Attractive Styling INPUTS 1. Crystal Mic or Guitar 9mV. 1 

"s' -T ' 4* Moving coil Mic. or Guitar 8mV Inputs. 3, 4 & 5 f , w _ . _ _ 

are suitable for a wide range of medium output _ £1D'5D Plus 1 

equipment (Gram. Tuner, Monitor, Organ, etc.) version 60p 1 

All 250mV sensitivity. Power output: 12/20 watts 20W £1 I.CIT P & P 1 

into 8 ohms. Size approx. 121 x 6 x 31 ins. version « • W *»»» 

SOUNDS 

points 30Hz and 18k 

|ll 50 WATT AMPLIFIER. Output Power: 45 watts 
w R.M.S. (Sine Wave) Frequency Response 3dB 
(Hz. Total Distortion: less than 2% at rated output. 
Signal to noise ratio: better than 60dB. Bass Control 
Range: 13dB at 60Hz. Treble Control Range: 12dB at 
lOKHz. Inputs: 4 inputs at 5mV Into 470K. Each pair 
of inputs conrotlled by separate volume control. 

2 inputs at 200mV into 470K. Size: £70.Cl 

191 x 101 x 8ins. Amplifier£31 85 plus U 1 

£1 50 p. and p. (inc. VAT) 

pe TAPE link I 

( ■ 1 J CONSTRUCTORS | 
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Do it yourself 



comes to calculators. 


The Advance Executive 8 is in kitform. 

So, instead of paying £80.00, you need only 
pay £39.20 plus 75p postage and packing. 

M oreover it should only take you three 
hours to build. (Dick Railton of Electronics 
Weekly holds the record at 2 hours 
10 minutes-so far.) 

Spend the time - and, we regret, the money 
and you’ll have a calculator with: four 
functions; multiplication and division by a 
constant; chain calculations; automatic 
squaring; 8 digits. 

It’s superb value at twice the price. 

Let alone half. 


Please rush me ~~ — —_ / | 

your Executive 8 in kitform. ~~— _ / j 

1 enclose my cheque for £39.20 and 75p | 

postage and packing. 

Name -- j 

Address --— I 


Post to Calculator Division, 

Advance Electronics Limited, 

Raynham Road, Bishop’s Stortford, Herts. 

Telephone: 0279 55155 

Telex: 81510 Registered No.: 263834 






























Sml A FAST EASY 
WAY TO LEARN BASIC 
RADIO & ELECTRONICS 


* 


Build as you learn with the exciting 
new TECHNATRON Outfit! No mathe¬ 
matics. No soldering—you learn the 
praotlcal way. 


Learn basic Radio and Electronics at home—the fast, modern way. 
Give yourself essential technical “know-how”—like reading circuits, 
assembling standard components, experimenting, building—quickly and 
without effort, and enjoy every moment. B.I.E.T.’s simplified study 
method and the remarkable TECHNATRON Self-Build Outfit take the 
mystery out of the subject, making learning easy and interesting. 

Even if you don't know the first thing about Radio now, 
you'll build your own Radio set within a month or so! 

. .. and what’s more, you will A 14-year-old could understand 
and benefit from this c|ouise—but 
it teaches the real thing. The 
easy to understand, practical 
rglar-alarm to 


d exactly what you are 
doing. The TECHNATRON 
Outfit contains everything you 
need, from tools to transistors— 
even a versatile'Multimeter which 
we teach you to use. All you need 
give is a little of your spare time 
and the surprisingly low fee, 
payable monthly if you wish. 
And the equipment remains yours, 


if you are a “non- 
il” type. And, if you 
make it a career, B.I.E.T. 


Specialist Booklet 

If you wish to make a career in 
Electronics, send for your FREE 
copy of "NEW OPPORTUNI¬ 
TIES”. This brand new booklet 

‘ Bon . u . s ' Thls is flrsl an < 1 TECHNATRON and B.I.E/JvJ 
teaching course, but the full range of courses. 


FREE 

BRITISH INSTITUTE 
OF ENGINEERING 
TECHNOLOGY 


POST THIS COUPON FOR FREE BOOK 



1 

CL |BPE14| 

1 NAME... .. 

AGE 

(BLOCK CAPITALS) 


! ADDRESS 

1 

1 1 

! ! 

■ 

1 SUBJECT OF INTEREST 

1 

L- 

. 1 


FERRANTI 

ZN4I4 

t 


MICROCIRCUIT 

RADIO 

AS SEEN) Oniy £9.32 

ON TV ij WITH FREE DATA 
WE ARE SPECIALISTS IN FERRANTI 
SEMICONDUCTORS 


ZTX! 08 8 P 

ZTX300 lip 
ZTX30I I3p 
ZTX303 Up 

ALL DEVK 


ZTX3I0 9p 

ZTxlji | Op 

ZTX320 3lp 
ZTX33? Up 
ZTX382 I3p 
ZTX383 15p 
ZTX384 I8p 
ZTX450 I7p 
ZTX500 I2p 
ZTX50I I3p 
ZTX502 I7p 


JSSpPLY A*NY FERRANTI^DEVICE? 
CA3090C? £4^73 ; CA3°75 


TOP GRADE. BRAND NEW, AND FULLY GUARANTEED 

...tNTI DEVICE. Send S.A.E. for quotation. 

MJE3055 72p; 2N 4444 £2-48. 


POSTAGE AND 

ALL PRICES INCLUDE V.A.T. 10% DISCOUNT IF YOU 
ORDER BEFORE MARCH 28th 

DAVIAIVI ELECTRONICS 

PO BOX 38 ,OLDHAM , LANCS OL2 6XJ 


Lasky's 

AudioTronics 

Cataloguel973 


hobbyist. Serviceman a 


id Audio Accessories. See th 




LASKY'S RADIO LIMITED. 3-15 CAVELL STREET. LONDON E. 1 

■ ■■■■■■■■■ 
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SAXON 


SA25-SA35-SA100 


ENTERTAINMENTS 

STANDARD and CUSTOM-BUILT AUDIO and ELECTRONIC EQUIPMENT 
NEW and SECONDHAND MUSICAL INSTRUMENTS. MAIN DISTRIBUTORS 
FOR A.K.G. HIGH QUALITY MICROPHONES 



SA25 £2-95 
JA35 7 7 £4 : 45l 
SA1 do £10-90 




IF SPEC. FOR ALL THREE MODULES 



sp 


proa 




f 777777^ .1 The SAXON 100. £48-50, carr. free. 

SliliiiP 


CALLERS AND MAIL 
ORDER: 

351 Whitehorse Road 


OUR NEW DISTRIBUTORS. HOURS: 


Thornton Heath, Surrey 328-330 The Banks 


Practical Electronics April 1973 


TERMS OF BUSINESS: C.W.O. or 
C.O.D. (35 p extra). All cash in regd. 
envelopes please! Telephone orders 
to our CROYDON BRANCH. TRADE 
AND EXPORT ENQUIRIES 
INVITED 















































THIS IS THE FIRST PAGE 
OF THE GREAT BI-PAK SECTION 


BRAND NEW FULLY GUARANTEED DEVICES 



| PLUS-MUCH MORE - SEND NOW FOR THE 

“Component Catalogue’’ 

5p to cover postage, etc. 

I Please note that as from April 1st 10V 
■ must be added to all the above prices. 


SYSTEM 12 STEREO 

Each Kit contains two Amplifier Mod¬ 
ules, 3 watts RMS, two loudspeakers, 

15 ohms, the pre-amplifier, trans¬ 
former, power supply module, 
front panel and other acces- £9n£ 

sories, as well as an illus- ^ 

trated stage-by-stage instruc- _ u 
tion booklet designed for the ONLY 

SS ?’** 8 " 8 available on £16" 95 



N O W -TURN OVER FOR MORE FANTASTIC OFFERS 


Practical Electronics April 1973 


293 











































The largest selection 
































































- the lowest prices 



Postage and packing add 10p. Overseas add extra for airmail. 
Minimum order 50p. Cash with order please. 


Guaranteed Satisfaction or Money Back 
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Are you alright 
for Jacks? fg 
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CROSSLAND HOUSE • NACKINGTON • CANTERBURY - KENT 
CANTERBURY 63218 
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IS ONE SUPERSEDES ALL EARLIER 


THDUSANDSof MILES REDUCED to INCHES? 

1973 RUSSIAN RADIO TECHNOLOGY . 
SHRINKS THE WORLD! ^COMPUTERISED? 



........._ ..... ....... JUi. ...... 

more for • C “Radi^ o?cI“c!££tte player* ALONE£M75,°C ARR. ETC. 15p! 
on/Tff'ewTt^'and'mUr'ophone stand.' wTt’h' WRITTEn’g'ua’rANTEe! 
B'oN q u| k OFFE'R: r Bl e tte?fe»°and CaV.ette V Ta r pe U 25p'extra1f req'ui i r'ei? r 


fchted.' or^ ia*. S BONUS OFFM^rietly ratioiv 

forder by post to Uxbridge Road address or call at eith 
I Bargains galore at both stores.—(COMMERCIAL TRAVELLERS PLEASE I 
I^NOTE: Merchandising^ffice_at H^olborn Swre^_j 


SHOPERTUNITIES LTD. 


, Dept. PE/27, 164 UXBRIDGE RD. (facing Shepherds E 
LONDON WI2 8AQ. (Thurs. I, Fri. 7). Also at 3 

I 7 H °ln B , 0 SS^ P O^E C M h MO^ U Ti 
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FANTASTIC OFFER! 
NIKKO 
TRM50 
STEREO 
AMPLIFIER 


OOO O ' r O t 


^1 




£3995 


w/r&w/MWi 

SAVE UP TO 
33*5% OR MORE ( 

SEND S.A.E. FOR FULL 
DISCOUNT PRICE LISTS 
AND PACKAGE OFFERS ! 




SAVE ttt’s 
PHILIPS GA308 
TRANSCRIPTION 
TURNTABLE 

2 speeds 33J and _ 

" m. Light- K 


Amatrul 8000 II 



Viscous damped 
pick-up ^ lift/ 

Complete with 

_.i308 P less cartridge (list £36-55) 
OUR PRICE £24 50. Post 75p. 

GA308 PU with GP400 stereo mag¬ 
netic cartridge (list £47-65) 

OUR PRICE £29-95. Post 75p. 

LIMITED NUMBER ONLY! 


V.A.T. 

INFORMATION 

All mail orders received on 



RECORD DECKS 
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RE. Sound Synthesiser 




As featured in the current Practical Electronics articles. 

Case and framework exclusively available from manufacturers. 

Case Part No. 1CD/4U/215-A 

Framework Part No. CF/4U/13/D/MR1- 

Total price inclusive of carriage and packing. 

Send cash with order for immediate delivery. 

VERO ELECTRONICS LTD., 

Industrial Estate, 

Chandlers Ford, Eastleigh, 

Hants. S05 3ZR. 


Registered No. 701364 
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FASHIONS IN BUILDING 


A s a constructors' magazine Practical Electronics is 
naturally very much concerned with building methods 
and materials. In its fairly short history, electronics .has 
evolved through three distinct periods represented by different 
fashions in constructional techniques. First was the wood or 
original “breadboard" era; then the metal era dominated 
by the box-like chassis; now the plastics era is here with 
s.r.b.p. board (in some form or another) providing the main 
platform for the assembly of circuit components. 

In many modern designs metalwork is no longer an essentia! 
part of the structure carrying the circuit components. Fre¬ 
quently, metalwork is used in a subservient role, merely to 
enclose or protect an electronic assembly which exists as a 
more or less self-contained entity built upon a piece of 
laminated plastics board. 

The “plastics era" dawned soon after the arrival of the 
transistor. Right at the outset of this momentous tech¬ 
nological event, industry was able to accommodate this 
newcomer by adopting printed circuit techniques. These 
techniques were already well established and in use with 
miniature valves. While the printed circuit was an ideal 
technique for mass production of electronic assemblies, it 
was not so ideal for the private constructor and his “ one- 
offs". So when transistors became available to the individual, 
improvisation was called for, and a period of great inventive¬ 
ness ensued. Many varied (and some quite unexpected) 
building techniques were tried out. 

As a start, existing standard items such as component 
group boards and tag strips were commonly pressed into 
service as a platform for a transistorised circuit. Assemblies 
of varying degrees of elegance were built on odd scraps of 
s.r.b.p. laminate board, hardboard, and even cardboard. The 
arrival of perforated s.r.b.p. board helped towards a tidier 
form of construction and eliminated the drudgery of drilling 
countless holes. However, there was no universally adopted 
method for home construction until, some 12 years after 
the first transistor, there appeared in this country the first 
purpose-designed proprietary printed wiring board. Like many 
brilliant and successful ideas, this product was, in essence, 
beautifully simple and — after the event—so obvious. In due 
course this printed wiring board, though of course initially 
conceived with the professional user in mind, was to prove 
the answer to most private constructors’ needs, and in time 
it rationalised the construction of electronic circuits. 

.Practical Electronics played not an insignificant part 
in bringing this constructional method to the attention of 
the amateur. This particular board was introduced to con¬ 
structors in the very first issue of this magazine, and 
subsequently has been used in the majority of our projects. 

Though very popular, the printed wiring board has no 
monopoly however, and the constructor has a fair choice of 
alternative methods, including home-made printed circuits. 
But practically all methods used today are based on the 
plastics board, the indispensable material which provides, the 
foundations for modern electronic assemblies. — f.e.b. 


Editor 
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T his month the voltage controlled oscillator and 
voltage inverter will be described as well as 
details for assembling them. 

THE VOLTAGE CONTROLLED OSCILLATOR 

Perhaps the most important reason for the employ¬ 
ment of a voltage controlled oscillator lies in the 
resultant ability of the oscillator to produce tone 
patterns by application of varying voltages to its 
control input. If these voltages are derived from 
what is essentially another oscillator, or series of 
oscillators, running at ultra low frequency, then the 
performance of the tone generating oscillator be¬ 
comes quite automatic and dependent only on the 
continued operation of the programming devices. 

The oscillators in the Synthesiser are based pn the 
operational linear integrator and the circuit is shown 
in Fig. 3.1. In this arrangement IC1 acts as the inte¬ 
grator while IC2 is connected as a comparator and 
serves to switch the direction of integration. 

The integrator programming signal is applied 
across the diode bridge D1-D4 and it is important 
that the polarities are maintained as shown. 

CIRCUIT ACTION 

To describe the circuit action assume that the 
comparator is sitting at its positive saturation level 
then diodes D1 and D3 in the integrator input 
bridge are reverse biased. There is a current flow 
into the integrator summing junction through Rl, 
D2 and similarly a current flow away from the 
bridge through D4, R2, shown by solid arrows, so 
that the integrator begins to ramp negatively. The 
negative excursion of the integrator output voltage 
will continue until the current driven through R5 
is equal to or greater than the current driven through 
R4 as a result of the output voltage of the compar- 
tor. At this time the voltage at point P will go 
negative and the comparator will switch rapidly to 
its negative saturation level. 

Under these conditions diodes D2 and D4 in the 
integrator input bridge are reverse biased and cur¬ 
rent flows are established as shown by the dotted 
arrows. In the case of the current flow away from 
the integrator summing junction, this causes the inte¬ 
grator to ramp positively. 

WAVESHAPES DEVELOPED 

Providing that R2 is the same value as Rl and 
both polarities across the input bridge are at the 
same potential then the rate of change of integrator 


output voltage is the same as before and the 
is a symmetrical triangular waveform appearing at 
point Q. The oscillogram of Fig. 3.1 shows the phase 
relationship between the triangular waveform gener¬ 
ated by the integrator and the switching waveform 
generated by the comparator at point R in the 
circuit. 

When the integrator output voltage is again equal 
to or greater than the level of positive feedback 
set by R4 the comparator switches back to its 
positive saturation level and the cycle repeats. 

FREQUENCY CONTROL 

Consideration of the foregoing reveals that R4 
actually plays a part in the determination ' ' 
































quency by setting the point at which the integrator 
output causes the comparator to switch. 

Lowering the value of this component has the 
effect of increasing the level of positive feedback to 
the comparator thereby requiring a higher integrator 
output voltage to switch the comparator and thus 
lowering the frequency of operation of the inte¬ 
grator. . 

Conversely, if the value of R4 is increased the 
overall frequency of operation is also increased. 

PRACTICAL V.C.O. 

The circuit shown in Fig. 3.2 is the three stage 
prototype v.c.o. arrangement. Starting from the out¬ 
put end, the third stage is a practical form of the 
oscillator shown schematically in Fig. 3.1. The second 
stage consists of two operational amplifiers arranged 
to provide a differential output across the oscillator 
input bridge. This particular stage is necessary since, 
in order to attain the full frequency range, the oscil¬ 
lator requires a drive potential greater than the 
individual power supply rails can provide. 

The first stage of the circuit is a buffer / follower 
which serves to reduce the current drive required 
from the control source and which also provides a 
test-bed on which to try out various forms of circuit 
response without the necessity of disturbing the set¬ 
tings of the oscillator and differential driver. The 
type of input stage used in the v.c.o. is of some 
importance since it has a bearing, not only on the 
performance of the oscillator as a whole, but also 
on the design and operation of other circuits in the 
synthesiser. The response of the input stage may 
therefore be either linear or logarithmic and there 
are advantages and disadvantages attached to both 
methods. 

LOGARITHMIC OSCILLATORS 

Most commercially available synthesisers use 
logarithmic v.c.o.s in which the slope of the response 



Fig. 3.1. Basic voltage controlled oscillator. Oscillo¬ 
gram shows phase relation between integrator and 
comparator outputs. The inclusion ot the capacitor 
shown dotted linearises the input voltage/frequency 
relationship. 

is adjusted so that equal increments of input volt¬ 
age raise the frequency of oscillation by one semi¬ 
tone. 

A typical response curve is shown in Fig. 3.3. j 
This has the distinct advantage that if, say, three 
oscillators are programmed simultaneously by the 
same control voltage, two of the oscillators may be 
manually offset by fixed multiples of the semitonal 
voltage increment so that the effect of the mixed 
oscillator output is that of producing a chord by the 
depression of only one key. 

The arrangement of having equal voltage incre¬ 
ments per semitone also allows for a simplification 
in the construction of the keyboard divider network 
and some commercial instruments use a series chain 
of equal value resistors with a form of “tuning” 
control which varies the voltage across the chain. 



Practical Electronics April 1973 


307 




























































LINEAR V.C.O.’s COMPARED 

The oscillators in this Synthesiser are arranged 
with an input stage, having a linear performance 
such that the overall response is as shown in Fig. 
3.4. 

The resulting loss of the ability to play “chords” 
was not considered a disadvantage when weighed 
against the advantages of simplification in building 
and setting up. Furthermore, the use of linear 
characteristics in the oscillators provides greater 
justification for the use of a parallel divider network 
in the keyboard which, although rather more com¬ 
plex than the series arrangement, means that the 
accuracy of each semitone is dependent only on the 
accuracy and stability of its owp resistors and not 
upon the remainder of the chain. 

The overall performance of the oscillator, how¬ 
ever, is solely dependent upon the response charac¬ 
teristic of the buffer/follower stage and it will be 
noted that space has been left on circuit board B 
(Fig. 3.6) for the benefit of constructors who may 
wish to try out their own ideas of logarithmic 
response. 

The SN76502 manufactured by Texas Instruments 
is a logarithmic amplifier in integrated circuit form. 


MAJOR COMPONENTS [ 


The estimated total cost of this project is 

around £200. Obviously this figure can be 
reduced if bulk purchase of components 

which will appear in quantity is made. To 

make this possible, components 
12 are listed below. 

n excess of 

Resistors 

Quantity 

iokn 

52 

33k n 

All 5% i watt carbon t 

12 

5-1kfl 

13 

7'5kfi 

36 

lOkO 

All 2% £ watt metal oxide 

15 

Potentiometers 

Quantity 

10kO carbon linear 

19 

All 25mm dia. midget moulded carbon types 

lOkfi carbon linear horizontal presets 12 

1000 linear horizontal Cermet presets 53 

10kO linear horizontal Cermet presets 21 

Integrated Circuits 

Quantity 

. 741C 8 pin D.i.L. 

56 

Diodes 

Quantity 

1N914 

39 

1SJ50 

14 

Capacitors 

Quantity 

470/xF elect. 25V 

12 

0-01 n? polyester 

46 

Sockets 

Quantity 

3-5mm miniature jack sockets 

15 

2mm miniature sockets 

48 



Fig. 3.4. Linear response curve of v.c.o. showing fre¬ 
quency range of keyboard 


The advantage of this device is that its response 
slope may be varied by adjustment of one external 
component so that performance matching becomes 
a relatively simple matter. 

BUILDING THE OSCILLATOR 

Due to the restricted space in the finished module 
construction should start by assembly and wiring of 
all the components on to the front panel before the 
panel is mounted to the circuit board support plate. 
Figs. 3.5 and 3.6 give the front panel drilling details 
and component layout. The leads from the controls 
should be formed into a harness which passes down 
the centre of the panel between the potentiometers as 
shown, those for routing to the circuit boards being 
about ten inches long. 

Next mount the McMurdo plug to the rear of the 
circuit board support plate complete with its wire 
leads already soldered into position. Fit the eight 
stand-off supports to the plate—transipillars are 
recommended but six B.A. screws with metallic 
spacers may be used providing that these are isolated 
from the conducting strips on the circuit boards. 

The front panel should now be fixed to the circuit 
board support plate using a 4B.A. countersunk screw 
and nut in the upper hole, and the locking rod and 
bush in the lower one. If the assembly seems to be 
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Fig. 3.5. Front panel component assembly and wiring with details 
of mounting and disposition of boards on the module support 
plate. The small ringed X at the board edges indicates 
orientation. (See board details) 


on the slack side this may be corrected by fitting a 
thin steel washer between the bush and lug on the 
circuit board support plate. 

It is useful, at this stage, to make up a jumper 
lead carrying power supplies from the main busbars 
so that modules may be tested and set up outside the 
main frame assembly. The lead should be about 
24in (61 cms) in length terminated at one end by a 
McMurdo plug and at the other by a McMurdo 
socket wired to match the power supply outputs. 

Figs. 3.7 and 3.8 show the circuit board layouts 
for the oscillator. Board A carries the differential 
output stage together with the oscillator itself and 
two of these boards are required. 

Board B carries the buffer input stages and power 
supply decoupling stages for both the other boards. 
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BOARD B 

The next stage of construction covers assembly of 
the buffer input stage and power supply decoupling 
Board B./ Fig. 3.7 shows the recommended layout. 
Wiring of the completed board into the support 
frame is simplified if single ended Veropins are 
inserted into the boards at the indicated positions of 
the lead out wires. 

Mount Board B to the support plate adjacent to 
the front panel and couple up the leads to the power 
supply, VR1 (manual frequency control) and exter¬ 
nal input sockets. The leads to. Boards A may be 
omitted at this stage. 

COMPONENTS... 


VOLTAGE CONTROLLED OSCILLATOR 
(2 REQUIRED) 

Resistors 

R1 10kn R13 

R2 lOkO R14 

R3 120kO R15 

R4 24k fl R16 

R5 lOkO R17 

R6 lOkO R18 

R7 9-1kO R19 

R8 9-1 kO R20 

R9 82k O R21 

RIO 75k O R22 

R11 200kO R23 

R12 200k O R24-R25 

All 2% ±' watt metal oxide 
Capacitors 

C1-C10 0-01/iF Polyester (10 off) 

Cl 1-Cl2 1,000pF Silver Mica (2 off) 

C13-C14 1,500pF Silver Mica (2 off) 

C15 300pF Silver Mica 

C16-C17 470 m F elect. 25V (2 off) 

Diodes 

D1-D8 1N914 (8 off) 

Potentiometers 
VR1 lOkO carbon log 

VR2 100n horizontal preset 

VR3 10kn horizontal preset 

VR4 47kQ horizontal preset 

VR5 lOkO horizontal preset 

VR6 10kO horizontal preset 

VR7 10kQ horizontal preset 

VR8 10kQ horizontal preset 

VR9 10kO midget moulded carbon linear 

VR10 10kO midget moulded carbon linear 

Integrated Circuits 
IC1-IC5 741C 8 pin dual-in-line (5 off) 
Miscellaneous 

SKI—3-5mm jack socket, SK2-SK3 2mm miniature 
socket (2 off) 0-1 in matrix Veroboards as 
required. 


CHECK-OUT 

Set VR3 to mid position and VR2 to the minimum 
position and attach the jumper lead. With the power 
supply switched on and VR1 at minimum position 
measure the voltage at VR1 wiper. Adjust VR2 on 
both drivers so that voltages are exactly the same. 

The value is not critical at this stage but is pre¬ 
ferably in the range — 5mV to — lOmV. Measure 
the output voltage of both drivers and adjust VR3 
until it is equal to whatever voltage has been set on 
the wipers of VR1. 

Connect a temporary link between the external 
input and ground on both drivers. The purpose of 
these links is to simulate a zero-voltage prewired 
programming connection and they will be removed 
on completion of the setting up of the oscillators. 
Finally, set VR1 to its maximum position and 
measure the voltage at the sliders. This should be 
about — 750mV, depending on the actual potential 
of the power supply rails, any discrepancy between 
the two readings being corrected by adjustment of 
the values of R3 and/or R4. 

BOARD A: ASSEMBLY AND CHECK-OUT 

Assembly of Board A should commence with the 
differential output stage which should be constructed 
up to and including Rll and R12. This stage should 
now be set up before proceeding with the construc¬ 
tion of the oscillator. 

Make temporary power supply connections from 
Board B, attach an input lead to the differential out¬ 
put stage and connect this directly to ground. With 
VR4 and VR5 at their maximum settings and VR6 
and VR7 at their mid positions switch on. 

Monitor the output voltages of both halves of the 
stage and adjust VR6 so that the output of IC2 
reads +5mV and VR7 so that the output of IC3 
reads — 5mV. Now reconnect the input of the differ¬ 
ential stage to the output of the driver from which 
the power supply is being taken and set the output 
voltage of the driver to —25mV by means of VR1. 

Monitor the outputs of IC2 and IC3 and adjust 
VR4 and VR5 until these read +255mV and 
—255mV respectively. Repeat the measurements at 
various settings of VR1 to ensure that the gain of 
each half of the stage is linear at X 10 throughout 
the working range. Remember that the actual read¬ 
ings should be, in the case of IC2, + [5mV + 
(10 X driver output voltage)] and in the case of 
IC3, — [5mV + (10 X driver output voltage)]. 

Having set the gain and offset of the differential 
output stage the assembly of the oscillator section 
may now be completed (Fig. 3.8). 

CHOICE OF CAPACITOR 

The type of capacitor used in the integrator is of 
some importance as far as frequency stability is 
concerned and it is best to use a type having low 
leakage and as low a value of inductance as possible. 
Silver mica is thus the best choice and the value 
shown may be made up of two or more parallel 
wired capacitors. 

R23 serves to limit the current output of the com¬ 
parator. With this omitted the comparator has only 
the forward resistance of D5-8 between its output 
and ground and, although IC5 is capable of handling 
the current involved, this means that a substantial 
ripple will be present on the oscillator power supply 
rails and could possibly be transmitted through to 


62k O 
7500 
750 0 
62k O 
lOkO 
lOkO 
lOOkO 
470 
47k O 
470k O. 

1M O (see text) 
10O (2 off) 
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the main bus-bars. Thus, where it is intended to use 
the comparator square wave output as a signal 
source the value of R23 should be 2-2 kilohms, that 
is, sufficient to reduce the ripple to an acceptable 
level. When the square wave output is not to be 
used, such as in the keyboard oscillators, the value 
may be increased to 1 Megohm to reduce ripple to 
negligible proportions. The inclusion of this resistor 
will however reduce the triangular wave voltage 
swing to 200mV p-p and limit the maximum fre¬ 
quency of the oscillator to about 8-3kHz. 

R13 to R16 and VR8 form a divider network 
which provides a value of bias current to the sum¬ 
ming junction of the integrator. 

MOUNTING THE A AND B BOARDS 

The completed A boards should be mounted on 
the support plate such that one is immediately 



Fig. 3.9. Circuit diagram of voltage inverter 


COMPONENTS... 


INVERTER 

Resistors 

R1-R3 10kO (3 off) 

Integrated Circuit 

IC1—741C 8 pin D.I.L. 

Miscellaneous 

SK1-SK3 2mm miniature sockets (3 off) 0-1 in 
matrix Veroboard as required 



Copper strips broken ot holer 614,15,16,17 

Fig. 3.10. Inverter component Board C layout and 
wiring 


adjacent to the McMurdo plug and the other directly 
above Board B. It is best to mount and set-up the 
oscillator boards one at a time. When a board has 
been fully connected, set VR8 and VR1 to their 
mid positions and switch on the power supply. 
Observe the triangular waveform on the oscilloscope 
—the frequency of oscillation should be about 7kHz. 

Gradually reduce the setting of VR1 until the wave¬ 
form begins to exhibit marked signs of assymmetry. 
At this point adjust the setting of VR8 with great 
care to restore the symmetry, this latter operation 
also being seen to cause an increase in the frequency. 

Continue reducing the setting of VR1, adjusting 
VR8 as necessary, until VR1 is at its minimum 
setting and the output waveform is symmetrical. 

At very low frequencies the setting of VR8 is 
extremely critical, too large a shift in either direction 
causing IC4 to saturate. If this happens, VR1 should 
be set to its mid position again and the various steps 
repeated. 

With VR1 in its minimum position final setting of 
the very low frequency end of the range is accomp¬ 
lished by adjustment of VR2 in conjunction with 
VR8 as before. If IC4 saturates at or before mini¬ 
mum setting of VR1 the setting of VR2 will have 
to be increased. 

Very low frequency instability can be a problem 
with this type of oscillator and although it can be 
made to operate at less than 1 Hz with the component 
values given it is best to set the minimum operating 
frequency to about 5Hz. 

MATCHING THE OSCILLATORS 

If the component values and tolerances specified 
have been adhered to, comparison of performance 
between both oscillators will show that the input 
voltage/frequency relationship is substantially 
similar, any differences in performance characteristic 
being due to tolerance variations in the components. 

Extreme accuracy in the matching of oscillators 
is not necessary since linear response is involved. 

INVERTER 

Little need be said concerning the assembly of the 
voltage inverter which is essentially an inverting 
unity gain amplifier of the simplest kind. The circuit 
is shown in Fig. 3.9 while the recommended circuit 
board 1 layout is shown in Fig. 3.10. 

The completed board should be mounted directly 
over the A board furthest from the front panel. 

USING THE MODULE 

On completion of the whole module use the volt¬ 
age inverter to investigate the effects of mixing 
triangular and square waves at varying frequencies. 

The output may be fed to the high level input of 
most power amplifiers, but bear in mind that the 
output will be equal to the sum of the voltage swings 
at the inputs. 

Additionally it is possible to carry out some simple 
experiments in frequency modulation by setting one 
of the oscillators to modulate the other. A low 
amplitude modulation at about 7Hz produces a true 
vibrato to the tone of the modulated oscillator 
whilst varying the amplitude and frequency of modu¬ 
lation can produce some strange, even bizarre effects. 


Next month: the ramp generators and input amplifiers 
are described. 
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T"his article describes a d.c. power supply unit 
with the unusual feature of being contained in 
a 13A flat pin mains plug. It will supply 60mA at 9V 
suitable for radio, cassette or record players. 


UNIT ADVANTAGES 


One of the disadvantages of conventional battery 
eliminators is that you are left with a box which 
must either be strung between plug and unit or 
replace the batteries in the battery compartment. 

This design overcomes both problems. The lead 
from the mains plug goes directly to the unit and 
plugs in with a simple jack plug. The batteries of 
the unit are left in place but simply disconnected 
when the jack plug is attached. The batteries are 
reconnected when the plug is removed. The project 
becomes even easier if the unit has a socket for a 
battery eleminator. 


CIRCUIT 


A%>vd 


BATTERY 



By J. S. GODDARD 


ASSEMBLING THE COMPONENTS 

The components may now be mounted in the 
expanded plug. First, the transformer is loosely held 
in position by two 6 B.A. screws. 

The mains neon is now positioned and connected 
to the plug terminals together with the transformer 
primary windings. 

With the capacitor and diodes in place the trans¬ 
former is tightened down. The output lead is con¬ 
nected across the Zener diode after R2 has been 
added in series, in the positive line, as shown in the 
circuit diagram. 

With all the components mounted in place care 
should be taken to see that none are touching the 
mains pins or their screws. If necessary more room 
can be made by discarding the screws on the back 
of the mains pins and soldering instead of clamping. 
Once all appears to be correct inside a cover has to 
be constructed for the plug. 


The circuit diagram of the battery eliminator is 
given in Fig. 1 together with suitable battery cut-out 
circuit in cases where a socket is not available on 
the unit to be supplied. 

The transformer has a 6-0-6V secondary with the 
centre tap unconnected. This feeds a four diode 
bridge rectifier, the output being smoothed by the 
reservoir capacitor Cl and R2. The Zener diode D5 
provides a final 9V regulated output. 

MODIFYING THE PLUG 

The plug used for housing the circuit components 
is an Ever-Ready type which has to be modified. 
This is accomplished by cutting a Ain step at the 
bottom rear of the plug as in Fig. 2. A piece of 
ljin X ljin X Jin hardboard is cut to form a new 
base for the plug. This is Araldited into place 
ensuring that the ends of the plug are upright and 
parallel. 

A Ain hole is drilled and countersunk in the upjrer 
half of the plug directly above the brass screw insert 
for the neon LP1. 

For the d.c. leadout pair a Jin hole is drilled Jin 
up from the base at the centre rear of the plug. 


COMPONENTS... 


Resistors 

R1 220ktl JW carbon 
R2 82 0 J watt 10% carbon 
Capacitor 
Cl 400[iF 10V elect. 

Diodes 

D1-D4 IN4003 (4 off) 

D5 9-1V 400mW Zener 


T1 Eagle miniature mains transformer 240V 
primaiy 6-0-6V secondary at 100mA. 

Miscellaneous 

13A fused mains plug (Ever Ready Type 7032), 
LP1 mains neon, 1 jin x IJin x Jin hardboard, Jin 
6 B.A. countersunk screws (2 off), Jin self tapping 
(2 off), FS1 fuse to suit equipment. PL1 3-5mm 
jack plug. 
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no previous knowledge 
no unnecessary theory 
no “maths” 




BUILD, SEE AND LEARN 

step by step, we take you through all the fundamentals of 
electronics and show how easily the subject can be mastered. 
Write for the free brochure now which explains our system. 


1/ BUILD AN 
OSCILLOSCOPE 

You learn how to build 
an oscilloscope which 
remains your property. 
With it, you will become 
familiar with all the 
components used in 
electronics. 




2/ READ, DRAW 
AND UNDERSTAND 
CIRCUIT DIAGRAMS 

1 1 


as used currently in the 
various fields of electronics. 


3/ CARRY OUT 
OVER 

EXPERIMENTS 
ON BASIC ELECTRONIC 
CIRCUITS & SEE HOW 
THEY WORK, including: 


valve experiments, transistor experiments 
amplifiers, oscillators, signal tracer, pho¬ 
to electric circuit, computer circuit, basic 
radio receiver, electronic switch, simple 
transmitter, a.c. experiments, d.c. experi¬ 
ments. simple counter, time delay circuit, 
servicing procedures. 


This new style course will enable anyone to 
really understand electronics by a modern, 
practical and visual method—no maths, and 
a minimum of theory—no previous knowledge 
required. It will also enable anyone to under¬ 
stand how to test, service and maintain all 
types of electronic equipment, radio and TV 
receivers, etc. 


POST NOW 
for 

BROCHURE 

or write if you prefer not to cut page 


FREE 
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Good results can be obtained by using good 
quality card about Ain thick. The card is bent to fit 
around the top and two sides of the plug snugly. 
The inside of the card may be scored with a knife 
to make it bend more easily. With the card bent 
around the plug mark off, with a pencil, the exact 
dimensions. When cut to shape check to ensure a 
good fit, if necessary a former may be made to hold 
the card in the required shape. 

The cover is held onto the plug by two self tapping 
screws. These screws tighten into Ain blocks of ply¬ 
wood about iin square. The blocks must be drilled 
to accept the screws and glued in the bottom front 
of the plug as shown. 

Now is the time to fill any gaps between plug and 
base. A plastic filler is used, which can be sand¬ 
papered smooth when dry. The cover and base may 
be painted to match the plug, sprayed paint gives 
good results on a suitable primer. 

CONNECTING THE UNIT 

Consideration now has to be given to the method 
of connecting the battery eliminator to the unit which 
it will power. A number of radio and cassette players 
on the market have facilities for battery eliminators, 
and in this case it is only necessary to obtain the 
correct plug. If your unit does not have facilities 
such as this, or you are unable to obtain the plug, 
the following will serve as an alternative. 

A 3-5mm jack plug is connected to the eliminator’s 
outlet lead with the matching socket in the unit. The 
jack plug is connected to the outlet lead wire with 
the positive line going to the tip. The socket may 
now be fitted to the unit, a suitable position must 
be found to ensure it will not interfere with any 
internal workings. 

With the hole drilled and socket fitted the supply 
wiring must be adapted to cater for the new facility. 
The positive lead to the battery compartment must 
be broken and the jack socket connected in the 
break. The negative lead goes to the third, contact 
on the socket as well as the battery compartment. 

With the jack plugged into the socket the positive 
line from battery to unit is broken and connected 
instead to the outlet of the power supply. 

The 400/»F electrolytic capacitor may be difficult to 
obtain, but good results can still be obtained with 
a smaller one. ^ 
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ELECTRONICS IN MUSIC 
By F. C. Judd 

Published by Neville Spearman 
169 pages, 9in x Sin. Price £3-15 

M r judd has condensed into this book the fruit 
of many years’ experience in electronics. The 
six main chapter headings cover virtually every 
aspect of the subject ranging from the application of 
electronics in the production of music through a 
survey of electronic musical instruments, the produc¬ 
tion of synthetic sound and electronic music, the uses 
of the tape recorder in the field and, finally, a run¬ 
down on the parameters involved in the high fidelity 
reproduction of music. 

The text throughout seems designed to guide the 
reader into this fascinating and ultra-technical sub¬ 
ject without once getting bogged down in an excess 
of detail. Despite this tendency there is sufficient 
data presented to enable the home constructor to 
build and experiment with several interesting circuits. 
The book is well illustrated with sixteen pages of 
half tone plates and plenty of clear line diagrams 
and circuits. The author could have perhaps usefully 
expanded his treatment of the subjects of synthetic 
sound and electronic music in view of the current 
high level of interest although the shortfall in this 
respect does little to mar the overall presentation of 
the book which is excellent. 

“Electronics in Music” is likely to be welcomed 
enthusiastically by technical and non-technical 
readers whose interest in the subject matter may be 
frustrated by the lack of definitive texts. 

O.D.S.. 

TELEVISION INTERFERENCE MANUAL 
By B. Priestley, B.Sc., G3JGO 
Published by Radio Society of Great Britain 
92 pages, 148mm x 210mm. Price 80p 

T elevision interference from s.w. transmitters is 
something which many amateur radio enthusiasts 
find very difficult to eliminate. The Radio Society of 
Great Britain must therefore be congratulated for 
attempting to bring this problem to the notice of 
radio hams and for providing many hints on sup¬ 
pression which, if followed, could greatly reduce the 
annoyance of TV viewers near to a transmitter. 

Television interference can arise from many 
sources and one of the main problems is tracking 
down the exact cause. Of course, a well-designed 
transmitter should include effective circuits for sup¬ 
pressing this unwanted output and transmitter design 
is included in the book. However, even the best 
transmitter can have a component failure and the 
book points out that a careful check on meter read¬ 
ings should be kept and any change in performance 
noted. R. F. injection into the mains and its suppres¬ 
sion is also discussed. 

This book has a spiral binding so that the pages 
lie flat on the bench. The manual may be obtained 
from RSGB Publications, 35 Doughty Street, Lon¬ 
don, WC1N 2AE, price 90p including postage. 

S.R.L. 
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TIMEPIECES 

By |. B. BANCE, m.sc. 


In this final part, quartz crystal controlled watches 
I and clocks are examined together with various 
time displays. 

QUARTZ TIMEPIECES 

Quartz crystal piezo-electric oscillators are now 
well known for their great frequency stability. 
Although the piezo-electric effect was discovered by 
J. and P. Currie in 1880, it was not used for fre¬ 
quency control until 1921 by Cady. Natural quartz 
can be used, but synthetic quartz often gives a better 
performance. 


crystals used have to be specially aged so that they 
provide high accuracy at all times. They are nor¬ 
mally sealed in a vacuum enclosure. 

The first types of quartz wrist-watches to become 
available to the public employed the “Beta 21” move¬ 
ment developed by the Centre Electronique Horloger 
S.A. and marketed in various models under many 
brand names. The quartz crystal oscillator in this 
movement operates at 8,192Hz. An integrated circuit 
divides this frequency by a factor of 32 to produce 
a 256Hz signal. The current consumption averages 
about 16uA and the accuracy is about one minute 
per year. 


CLOCKS 

Various clocks using quartz crystal oscillators are 
available. For example, the General Time Company 
produce “Quartzmatic” clocks using 262,144Hz 
crystal oscillators with an integrated circuit to reduce 
the frequency to 64Hz. The Simplex Company pro¬ 
duce quartz controlled master time centres for 
driving a number of clocks in an establishment with 
an accuracy of two seconds per month. 

The Golay Company produce marine chrono¬ 
meters using a 12kHz oscillator which has a stability 
of 0 005 second per day at constant temperature 
or 01 second per day over the range 4 to 36°C; 
this clock employs about 29 transistors. 

A quartz clock with a digital display is available 
from Girard-Perregaux; it is mains driven with 
stand-by battery power and provides an accuracy of 
0 02 second per day. The Junghans 750 quartz move¬ 
ment is powered by a 1-5V battery which lasts a 
year. 

QUARTZ CONTROLLED WATCHES 

Quartz crystal controlled wrist-watches have been 
available since April 1971. Special CMOS (Comple¬ 
mentary Metal Oxide Silicon) integrated circuits 
have been developed which consume a current only 
during the pulses and which are small enough to be 
fitted into a normal wrist-watch. In many cases a 
number of manufacturers have pooled their resources 
to produce quartz watch movements. The quartz 
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CYBERNETIC WATCH 

The Longines “Ultra-quartz” wrist-watch was first 
made available on 21st August, 1971. It is especially 
interesting because it does not contain any integrated 
circuits, but only a small printed circuit containing 
miniature electronic components. 

The quartz resonator in this watch operates at 
9,350Hz and a mechanical vibrator at 170Hz. The 
signals from the quartz oscillator are used to correct 


The Girard-Perregaux quartz watch. The quartz crystal 
can be seen on the left-hand side, the integrated 
circuit near the top and the power cell on the bottom 
right-hand side 






the mechanical vibrator 170 times per second. This 
correction is carried out by a relatively simple circuit 
employing only 14 transistors, 19 resistors and seven 
capacitors. The logical deductions made by this 
circuit are fed to the motor as correction signals. 
This watch is said to be the first cybernetic watch, 
since it employs a comparison circuit or “brain”. 

The vibrator motion is transformed into a rotary 
motion by means of a pawl system like that of 
Fig. 6. The toothed wheel rotates once per second. 
The centre second hand appears to rotate continu¬ 
ously without jumping. The accuracy is about one 
minute per year. 


QUARTZ BALANCE WHEEL WATCH 

The “/A-Quartz” or “TS Caliber” watch movement 
employs an electronically driven balance wheel 
having four magnets; the exact frequency of this 
balance wheel (about 4Hz) is controlled by a quartz 
crystal oscillator. The watch has been developed by 
B. Golay of Switzerland. 

The hair spring fixed to the balance wheel has a 
special shape which results in the frequency of oscil¬ 
lation being somewhat dependent on the amplitude 
of movement; the frequency is slightly lower at 
small amplitudes and vice-versa. This effect is 
known as the isochronism defect. 

The quartz oscillates at 32,768Hz. This frequency 
is divided down by part of a CMOS integrated circuit 
containing some 450 components. The strength of 
the pulse given to the balance wheel depends on 
the phase of its motion relative to the frequency 
divided signal from the quartz oscillator. 

If the balance wheel is running too fast, the pulses 
to the coil which drives this wheel will be relatively 
weak, whereas if the wheel is running too slowly, 
they will be stronger. Thus the frequency of the 
balance wheel is stabilised at the. value determined 
by the signals derived from the quartz oscillator. 

If the isochronism defect amounts to 10 seconds 
per day for each degree of amplitude variation, the 
balance wheel frequency need only be adjusted to 
±100 seconds per day if an amplitude variation of 
± 10 degrees is acceptable. 

As in other quartz controlled watches, the regula¬ 
tion is effected by means of a trimmer capacitor 
which adjusts the exact frequency of the quartz 
oscillator. In this watch the capacitor is adjustable 

The Go|ay M-Quartz movement partially dismantled. 
The magnets can be seen fixed to the balance wheel 
in the lower part of the photograph, whilst the driving 
coil is seen above after it has been swung out from 
the movement. The quartz crystal, which has been 
removed, is fitted above this coil 



in steps which correspond to a change of 0-25 
second per day. The accuracy is about one minute 
per year. 

QUARTZ WATCH WITH STEPPING MOTOR 

The Girard-Perregaux “250” quartz watch 
employs a 32,768Hz quartz oscillator. The pulses 
from the latter are divided by an integrated circuit 
to produce 0-5Hz pulses. These operate a miniature 
stepping motor which causes the centre second hand 
to jump once per second. 

QUARTZ WATCH KITS 

The Motorola Company has a section which sup¬ 
plies kits of parts to large watch manufacturers. 
These kits each comprise a 32,768Hz NT cut quartz 
crystal, a CMOS integrated circuit and a miniature 
rotary stepping motor. The additional parts required 
are a power cell, a trimmer capacitor, a conven¬ 
tional watch dial and hands together with gearing 
to couple the motor to the hands. 

The oscillator frequency chosen is a compromise 
between the size of the oscillator crystal and the 
current consumption of the integrated circuit. The 
use of a higher frequency would enable a smaller 
quartz crystal to be used, but the increased switching 
frequency results in a greater power consumption 
by the divider circuit. 

The MC 6061 integrated circuit divides the oscil¬ 
lator frequency by a factor of 65,536 so as to pro¬ 
duce 0-5Hz pulses which can drive the motor. 

The integrated circuit contains 312 transistors in 
a six lead ceramic package, but consumes only about 
4-5uA from a 1-3V cell or 5 /aA from a 1-5V cell. 
Motorola use ion implantation techniques to dope 
the semiconductor material used in their integrated 
circuits. 

The 6mm diameter motor takes a mean current 
of about 7-2 /aA at 1-3V or 8-3/tA at 1-5V. The 
0-5Hz pulses from the integrated circuit have an 
amplitude of about IV and a duration of about 
31 -25ms, successive pulses being of opposite polarity 
and separated by one second. 

The motor rotates by 180 degrees at intervals of 
one second, all movements being in the same direc¬ 
tion. It has a resistance of about 5 kilohms and 
contains about 50 metres of wire of a diameter 
about one-tenth of that of a human hair. 


The three parts of the Motorola kit depicted inside an 
empty watch case. The quartz crystal is shown at the 
top, the integrated circuit on the left and the stepping 
motor on the lower right-hand side 
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QUARTZ TUNING FORK WATCHES 

The new Bulova “Accuquartz” watch is especially 
interesting because it contains a quartz oscillator 
which controls a tuning fork movement. This watch 
was introduced in the U.S.A. in December 1971 and 
became available in Europe towards the end of 
1972 at prices from £115. It is much thinner than 
many other quartz models (including an earlier 
“Accuquartz” model which used the “Beta 21” 
movement). The new “Accuquartz” range for men 
and women display the day of the week and the 
date in addition to the time. 

The “Accuquartz” crystal oscillates at 32,768Hz. 
This frequency is divided by an “Intersil” CMOS 
integrated circuit containing 126 transistors, etc. 
The tuning fork oscillates at 341 iHz, this being 
one-third of the frequency 1,024Hz. See Fig. 8. 


The Bulova Accuquartz is shown in the foreground 
together with a much thicker Accuquartz model using 
the CHE movement 
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In this watch the tuning fork mechanism advances 
the gearing 34If times per second by the same type 
of mechanism as used in the Bulova “Accutron” 
range. Thus the centre second hand appears to move 
continuously instead of jumping once per second as 
in some types of watch. 

The “Accuquartz” has an accuracy of about 1 to 
2 seconds per week. 

THE ASTROQUARTZ 

The Junghans “Astroquartz” watch is said to be 
the smallest quartz watch being manufactured. It 
employs a 32,768Hz quartz oscillator, but the quartz 
crystal used is unusual in that it is in the shape of a 
tuning fork, the prongs of which vibrate like an 
ordinary tuning fork but at a much higher frequency. 

As illustrated in Fig. 9, an integrated circuit acts 
as oscillator and frequency divider. The 15 cas¬ 
caded binary stages divide the pulse rate by 2 15 to 
produce one output pulse per second. The size of 
the integrated circuit is only 1-6 X 21mm. 



The output pulses from this circuit drive an 
electro-magnetic transducer. The pulses are applied 
to the coil which turns in a strong magnetic field. 
The escapement fitted to the axis of this coil engages 
and turns a wheel with 60 teeth to which a centre 
second hand is fitted. 

THE MEGAQUARTZ 

The “Megaquartz” watch is probably the most 
accurate wrist-watch yet designed, although it is 
being produced only in small quantities. It has been 
designed by the Batelle Institute in collaboration 
with the Omega Watch Company. The accuracy is 
about 1 second per month. 

The main feature of this watch is the use of a 
circular AT cut quartz crystal oscillating in a shear¬ 
ing mode at 2,359,296Hz—far higher than in any 
other design. An integrated circuit frequency divider 
is used. 

Omega also offer a quartz watch which has an 
8,192Hz oscillator. This frequency is divided by a 
factor of 32 to produce 256Hz pulses which drive an. 
electro-magnetic motor. The accuracy is about 1 
minute per year. 
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-exclusive Wireless World design in the April & May issues 

See full construction details of the versatile 
multiple measurement meter which was first described 
in our March issue. Intended for both amateur and 
professional use, the design - based on integrated 
circuits - is arranged so that you can build either 
the whole instrument or just the particular measurement 
facilities you require. Measurements are shown in 
a "window" on a four digit numerical display. 

Survey of the Compatibility of Audio Magnetic Tapes. 

With the wide variety of tapes available, it is 
desirable to establish the compatibility of one 
type or brand against any other for a particular 
recording machine. Detailed tests have been made 
and the results interpreted to produce a table of 
interchangeable and compatible products. 



The Wireless World digital multimeter 
will measure: voltage (199.9 millivolts 
to 199.9 volts, d.c. and a.c.) resistance 
(1,999kn to 1.999 M n), capacitance(l|999pF 
to 1.999pF), frequency (0to5MHz) and 
time intervals (20 microseconds minimum). 

Wireless World 

APRIL ISSUE On sale now 20p 



The Catalogue 
you MUST 
have! 
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(Right): the Avia watch which 
employs a liquid crystal display. 
This is expected to be available 
in the U.K. at about £135 soon 

(Left): the Swissonic 2000 

watch. This displays the date, 
the hours, minutes and seconds 
continuously by means of a 
liquid crystal system 



DIGITAL WATCHES 

Digital watches which employ no moving parts 
have just begun to appear on the market. They 
employ quartz oscillators and provide an accuracy 
of about one minute per year. 

Two forms of display have been employed, namely 
electroluminescent diodes which provide a red dis¬ 
play and liquid crystal displays. 

ELECTROLUMINESCENT WATCHES 

Watches employing gallium arsenide-phosphide 
electroluminescent diodes provide a display which 
shows the time in red digits. Unfortunately the dis¬ 
play diodes require so much current that it is not 
possible for the time to be continuously displayed 
if the power cells are to have a reasonable life. A 
button on the watch must therefore be pressed each 
time the user wishes to read the time. The cell life 
is dependent on the number of times the time is 
displayed. The display may have to be shaded with 
the hand if the ambient light level is high. 

The “Pulsar” watch manufactured by the Hamil¬ 
ton Company employs light emitting diodes. The 
brightness of the display is automatically adjusted 
to suit ambient lighting levels, although it requires 
shading from direct sunlight when the display is 
being read. 

Each time the button is pressed, the hours and 
minutes are displayed for 1 -25 seconds, but if the 
button is held down, the seconds are displayed for 
as long as it is depressed. 

The watch employs a 32,768Hz oscillator and a 
CMOS integrated circuit containing over 1,200 tran¬ 
sistors. It is powered by two silver oxide cells which 
have a life of over one year under normal use 
(about 25 time readouts per day). 

A slight variation of this watch is offered by the 
Omega Company as their “Time Computer”. 

LIQUID CRYSTAL DISPLAYS 

The other form of digital display used in watches 
employs liquid crystals. This type of display re¬ 
quires very little power, since it does not emit light. 
The liquid crystals simply reflect a different propor¬ 
tion of the incident light in regions where an electric 
field is applied to them. Thus the display cannot be 


viewed in the dark. A moderately high ambient light 
intensity is desirable. 

The thickness of the liquid crystal material may 
be about 0-5mm. The special nematic material is 
placed between two electrodes like a capacitor, but 
the electrode nearest the face of the watch must be 
transparent. 

In the absence of any field, the liquid is perfectly 
clear and transparent, any incident light falling on it 
being absorbed by a black background. When an 
electric field is applied by suitably shaped electrodes 
in certain regions (which are in the shape of the 
digit to be displayed), the liquid becomes opalescent 
as the crystals come into mutual alignment. They 
reflect the incident light back from these regions to 
the observer. 

Although watches using liquid crystal displays have 
the advantage over those using luminescent diode 
displays in that the digits can be made visible at all 
times, the life of the present liquid crystal systems 
seems somewhat doubtful. Even when an alternating 
voltage is applied, some degradation of the material 
may occur so that the display gradually becomes less 
clear. The life should be considerably over one year, 
but it is too early to estimate it accurately. At least 
one manufacturer feels that liquid crystals may have 
an indefinite life if contamination is avoided. The 
price of replacement units should fall rapidly during 
the next few years. 


THE AVIA WATCH 

One watch with a liquid crystal display is marketed 
by Avia-S.G.T., the liquid crystal system for this 
watch being produced by the Optel Corporation of 
the U.S.A. The hours and minutes are continuously 
displayed, but the seconds are shown by means of 
two flashing points appearing between the hours and 
the minutes digits. 

The quartz oscillator operates at 32,768Hz.‘ This 
frequency is divided by a factor of 512 and the 64Hz 
output operates counters. The latter control the 
decoders which feed the display. 

The 1-5V power cell has a life of 14 months. A 
circuit is employed to convert the 1-5V from the 
cell to the 15V required for the decoder-display 
operation. 
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CLOCKS USING LIQUID CRYSTALS 

A limited number of clocks with liquid crystal 
digital displays are available, for example, from the 
Seiko Company. An impressive digital alarm clock 
(type S1736) has been constructed on a single chip 
by American Microsystems; it is interfaced with 
their liquid crystal readout. • 

ATOMIC CLOCK 

In a totally different sphere it may be mentioned 
that the standard of time is now based on the fre¬ 
quency of radiation emitted between two hyperfine 
levels of the caesium-133 atom. The second amounts 
to 9,192,631,770 cycles of this radiation. This defini¬ 
tion provides a more accurate measure of this unit 
than the motion of the earth. 

Ebauches S.A. have made precision time centres 
using caesium atomic clocks which have an error of 
less than one microsecond per day (corresponding to 
one second in about three thousand years!). 

POWER CELLS 

The cells used to drive electronic watches pose 
many manufacturing problems. Three of the main 
manufacturers are Union Carbide, Leclanche and, in 
England, Mallory. 

A new area has recently been opened by Mallory 
at Crawley for the manufacture of special mercury 
button cells used in watches. Such cells must give 
satisfactory service for at least one year after a 
variable period of storage before sale. 

Extreme care must be taken to prevent contamina¬ 
tion of the materials used in cell manufacture. All 
air is filtered before it enters the watch cell manu¬ 
facturing area at Crawley ta prevent dust from being 
sealed in the power cells. Great care must be taken 
to prevent the possibility of internal leakage of 
current. 

The electrolyte used in watch cells is chosen for 
the lowest practical seepage rate, since if it escaped 
from a cell it would probably damage the delicate 
watch mechanism. 

In conclusion it may be mentioned that the 
tweezers used to fit new cells into watches should 
be made of a plastic material, since metal tweezers 
can easily short the cell. Care should be taken to fit 
new cells in the correct way so that they provide the 
circuits with a voltage of the correct polarity. 

CONCLUSION 

We are in the midst of a revolution in watch 
design. Although no manufacturer has really broken 
through the price barrier with a moderately priced 
quartz controlled watch, it may not be too long 
before one company does so and the “quartz war” 
will have begun. The developments in the last few 
years have been very rapid and it is expected that 
many of the estimated 300 million watches per 
annum required by 1980 will be electronic ones. 

The traditional place of watch making, Switzer¬ 
land, has played a large part in the development of 
electronic watches, but the U.S.A. has initiated much 
of the work. 

The normal skills of the watchmaker will be 
required to attend to watches employing moving 
parts, but if digital watches become common, the 
watch repairer may have to have a very elementary 
knowledge of electronic engineering with micro¬ 
miniature equipment. jl. 


The Staiger 2000 quartz crystal controlled clocks. The 
ITT crystals used are shown at the front 


A DETAILED DISPLAY 

Another liquid crystal watch has been developed 
by Texas Instruments, Ebauches S.A. and Longines. 
The eight character display provides a continuous 
readout of the day of the month, hours, minutes and 
seconds. The accuracy is about 1 minute per year. 
The watch contains two integrated circuits contain¬ 
ing about 700 transistors and is powered by two 
1-35V mercury cells. 

The hour display can be set by an internal switch 
to provide either a 12 hour or a 24 hour cycle. The 
indicated time is set by four micro-switches on the 
back of the watch which alter the seconds, minutes, 
hours and date respectively. 

Another watch with a liquid crystal display has 
been produced by the Seiko Company; it displays 
hours, minutes and seconds. 


A Geneva lever movement (about 100 years old) from 
the Science Museum being compared with an ITT 
auartz crystal desianed for use in a watch 
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SPACE BUDGET 

The United States space agency 
will have more money to spend 
this year, 74 million dollars in fact. 
A total of 3,136 million dollars is 
set aside for space matters. This 
amount will cover a number of 
NASA projects, for example two 
new projects as well as the pro¬ 
gramme for space stations and 
shuttles. 

The two new projects are a new 
kind of satellite for geodesy known 
as a Terrestrial Reference Satellite, 
and an advanced version of the 
Nimbus weather satellite to monitor 
pollution. 

The reference satellite, due for 
launch in 1976, will use laser beams 
for the measurement of distances 
between locations on different con¬ 
tinents. The accuracy that can be 
achieved is- of the order of a few 
inches so that small changes of 
movement of land masses will be 
detected. 

The new Nimbus satellites will 
monitor both air and ocean pollu¬ 
tion. The programme is for the 
launch of two satellites, one in 1974 
and the other in 1976. 

The Current major projects will 
continue to be developed, but there 
will be a phasing out of communi¬ 
cations satellite interests. This is 
because the space agency consider 
that the viability of these pro¬ 
grammes has 'been proved and the 
time is now ripe for commercial 
responsibility for this activity. 

The Science Foundation will 
increase their programme of investi¬ 
gations and some major projects 
involve visual and radio astronomy. 
Some 10 million dollars will go to 
the rail mounted mobile arrays of 
aerials in New Mexico for the large 
scale study of distant sources and 
the detection of signals from any 
civilisation that may exist in other 
parts of the Universe. 

The visual telescope under con¬ 
struction at the Cerro Tololo inter- 
American Observatory in Chile, .will 
be given 2'6 million dollars for the 
completidn of the work on what 
will be the largest optical telescope 
in the southern hemisphere. The 
diameter of the mirror is 138 inches 
apd the site offers spectacular 
advantages over other places for 
useful viewing time. 


LUNOKHOD 2 

The Russian moon vehicle, 
Lunokhod 2, which landed on the 
Moon in January has a special 
set of programmes. It was landed 
some 175km from the landing site 
of Apollo 17. The data obtained 
from the two sources should be 
complementary. 

Landed in the Sea of Serenity, 
the Lunokhod 2 task is to examine 
the boundary area where older 



rocks may be found. At the boun¬ 
dary area of the highland regions, 
from which anorthites rise up, the 
floor of the mare is covered with 
basalt type lava. 

Other experiments will measure 
and observe the Zodiacal light near 
the Sun, observe the Milky Way 
and the centre of the Galaxy with 
a space photometer. It is hoped also 
to decide whether there are traces 
of cosmic dust in the Lunar atmos¬ 
phere. The possibilities of studying 
the Universe by optical means from 
stations on the moon is another 
experiment which the Soviet team 
are known to be considering. 

The vehicle is also carrying a 
French laser reflector for measuring 
the Earth-Moon distance. 

The Lunokhod, which is of a 
similar design to the previous 
vehicle, carries on its outside an 
orientation device, a lunar surface 
photometer, soil analysis experi¬ 
ment, a fixed television camera, a 
steerable television camera, the 
space photometer, a solar battery, 
a magnetometer, a photo receiver 
and aerials which include a corner 
reflector and a high gain system. 


MOON GRAVITY 

Analysis of the gravitational 
variations of the moon recorded by 
the command module of Apollo 15 
has yielded data about maScons, 
and the lunar orbiter added to this 
data when being precisely tracked. 

This problem, to which selen- 
ologists have devoted considerable 
time and study, can now be set up 
as a model. The model now sug¬ 
gested agrees well with the idea that 
the mascon of Mare Serenetatis is a 
thin body with well defined boun¬ 
daries. The previous speculations on 


this theme have been borne out for 
Mare Nectaris also. 

So far as Serenetatis is concerned 
the model fits the surface features 
extremely well. At the moment the 
data gives support to the volcanic 
hypothesis. 


ORBITING WORKSHOP 

As the launoh date for the Skylab, 
the first orbiting space station, 
draws near it may be useful to 
describe the project and the 
sequence of events which will be 
the step in space that many have 
waited for almost impatiently. 

The first crew will be an all Navy 
one and Charles Conrad, veteran 
of Apollo 12, is the only member 
of the team who has had astronaut 
expedience. The other two men are 
J. P. Kerwen, a doctor, and P. J. 
Weitz, an aeronautical engineer. 

Skylab will go into a 270-mile 
orbit. The sequence is to be the 
launch of the skylab unit unmanned 
into the prescribed orbit, the next 
day, May Day, the launch of the 
command module with the crew to 
the calculated rendezvous. When 
linked up the total length of the 
units will be 118ft. The diameter 
will be 22ft at the workshop 
section. 

The arrangement of the airlock 
and docking sections allow normal 
joining of the command vehicle to 
the end of the whole unit. There 
is also a second docking point on 
the side of the docking module 
which could be used for a second 
command mpdule to attach itself or 
for rescue purposes. 

When the space station is 
launched the telescope covers the 
docking section. On attaining its 
correct location in orbit the tele¬ 
scope will swing to the side and 
the solar power paddles will open. 
The ports for docking will then be 
uncovered. 


LIFE SUPPORT SYSTEMS 

The station main body is 48ft by 
22ft and there is an intermediate 
section next in the sequence which 
is 17ft long and is an airlock 
section. Here all the power control 
and distribution systems are located. 

The air conditioning system, the 
life support system together with 
communications control and. data 
management are also arranged 
there. There is room for two fully 
suited astronauts with personal life 
support systems in the- section. 
From here the crew can pass to the 
docking module to work outside the 
vehicle or to pass to and from' 
the command module. 

The whole assembly with the 
launcher, a Saturn 5 rocket, will 
stand 334 feet high at take off. The 
combined weight at the time will 
be 3,110 tons. 


Practical Electronics April 1973 


325 






L ast month the circuit of the Tape Link was 
described in detail. In this the final part, the 
construction of the Tape Link, the fitting of the 
heads and the setting up procedure will be described. 


TWO ASSEMBLIES 

The Tape Link is made up of two assemblies (the 
amplifier and the power supply) in order to keep the 
mains transformer away from hum sensitive circuits 
and enabling the power supply to be positioned 
where it induces the minimum hum in the replay 
head. 

The folding of the metal should present no prob¬ 
lems to a handyman equipped with a vice. Cutting 
the metal to size is not quite so easy and is best done 
with a guillotine and a fly press for the cut out parts. 
Constructors may find it convenient to purchase the 
metal cut to size from a sheet metal shop. 


POWER SUPPLY CONSTRUCTION 

Dealing first with the power supply, drill the 
chassis and bend up as indicated in the photograph. 

Next, affix the mains transformer using 4BA X 
jin screws and nuts. Do not tighten as they will 
have to be undone again when the power unit is 
finally mounted in the case. A tag strip carrying 
the rectifier diodes should now be assembled and 
bolted to the chassis. 

Wiring between this and the mains transformer is 
best done at this stage as the tag strip will be difficult 
to get at once the smoothing capacitors are in place. 
These and the fuseholder can now be put into 
position and the wiring completed. 

The power lead-out wires and the mains lead are 
secured by a plastic cable clip bolted down to the 
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mains transformer. Having completed the power 
supply it can now be tested. 

With mains applied and no load imposed upon the 
outputs, the supplies should read 56 volts and 28 
volts respectively. Provided that the voltages 
measured are within a couple of volts either way 
and that the mains transformer and capacitors do 
not get hot after a few minutes’ operation, all should 
be well. 


AMPLIFIER CHASSIS 

Mark out the front panel to suit components (see 
Fig. 7). Drill all the holes starting first with an |in 
drill. Next, open out the holes for the record indica¬ 
tor lamp, the switches and potentiometers with the 
appropriate drill. 

The DIN sockets are mounted beneath the panel 
and the fin hole required to allow entry of the plugs 
is most neatly cut with a chassis punch, e.g. a “Q- 
max cutter”. The cut outs for the meters are made 
by drilling all round just inside the edge with a small 
drill, pushing out the centre and then truing up to 
the marked line with a file. 

A similar technique should be used for the meter 
switch cut-out. Drill two holes side by side and open 
up to the required size with a needle file. Finally 
countersink all the screw holes. 

The strap for mounting the meters, and the U- 
channel complete the metal work. To make the fold¬ 
ing easier, the front panel fixing flanges should be 
bent over first. The sheet can then be bent up to 
complete the chassis. Once again, the use of a chassis 
punch is recommended for the larger holes (see 
Fig. 4). 

The front panel can be finished in any way desired. 
One method which gives a pleasing appearance is to 
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satin finish it by stroking lengthwise with a wire 
brush such as is supplied for cleaning suede shoes. 
This results in a series of parallel scratches. The 
panel is then cleaned with a rag soaked in methy¬ 
lated spirit to remove loose material and grease. 

Letraset may be used to label the panel, finally 
protecting the finish with two coats of lacquer. 

After fixing the front panel to the chassis the B9A 
valve holders and the stand-off spacers are mounted 
and the components assembled to the front panel. 
The slider switch used by the author for the bias/vu 
selector was supplied with its mounting holes tapped 
at 8BA. 

These were drilled out and retapped at 6BA. How¬ 
ever if 8BA screws are used, allowance must be made 
for this in the front panel drilling. 


COIL WINDING 

Because many readers find it difficult to obtain 
specified coils, the author wishes to point out that 
virtually any 14mm coil is suitable for LI and L1Q1. 
Most catalogues specify the number of turns per 
millihenry and because inductance is proportional to 
the square of the number of turns, twice this number 
will give the number of turns required for 4mH. 
Some easily available pot cores and their turns per 
millihenry are given in Table 1. 

Using 34 s.w.g. enamelled copper wire, wind the 
required number of turns onto the bobbin. On com¬ 
pletion the winding shduld be secured with a layer 
of adhesive tape (not Sellotape). 

Before assembling the two halves of the pot core, 
slightly rub the mating surfaces with a sheet of paper 
to remove any dust which could alter the inductance 
of the completed coil. The lead wires should be 
brought out separately through adjacent slots at 90 
degrees. 



Type 

Turns/mH 

Turns required for 4mH 

LA 2503 

52 

104 

T26/2100R 

475 

95 

FX 1636 

34-8 

70 

FX 1011 

243 

49 

FX 2236 

32 

64 

Table 2: 

ALTERNATIVE POT CORES FOR 

BIAS AND ERASE OSCILLATOR T2 



Turns required 

Type 

Turns/mH 

Primary Secondary 

LA 2301 

53'8 

5+5 80 

LA 2105 

54-7 

6+6 96 

LA 2517 

42 

5+5 80 

N22/250A 

40 

5+5 80 


photograph showing construction of the power 
/supply for the Tape Link. The switch and 
indicator neon are mounted near the mains 
input Positioning of the power supply module 
within the finished tape deck is best found by 
trial and error being that which gives minimum 
hum 




BIAS AND ERASE OSCILLATOR 
TRANSFORMER 


Again the pot core used for this transformer is by 
no means critical. A 25mm type was used in the 
prototype but any high frequency 18mm type will do 
just as well provided the inductance is that specified 
(see Table 2 above). 

Measure off two 20in lengths of 21 s.w.g. wire and 
twist them lightly together. Allowing a few inches for 
leadout wires, begin winding the required number of 
primary turns making sure that the first turn of one 
half of the primary lies adjacent to the first of the 
other half and so on (see Fig. 5). After the required 
turns have been wound the windings should be 
secured with adhesive tape. 

The secondary should then be wound using 
30 s.w.g. wire starting in the same place and winding 
in the same direction. Cover this layer with one 
layer of tape. Then assemble the pot core with the 
same precautions as for the previous coil. 


Practical Electronics April 1973 


327 













OOC0OOOOOOOOOOOOOOOOOOOOOOOOOOOOQy SK2PIN1 OOOOOC0DOOOOOOOOOOOOOOOOOOOOOC 1 

./a %> R «K 6 R l?> R 2?£' 16 c-crgp -a ^ _ 26© 27® 28® 29® | 


n u «® 

h Sm- r 
















































The primary windings must now be identified with 
some form of continuity tester such as a bulb and 
battery. After scraping the enamel from the four 
primary wires select one wire and call this the start. 

Next find the other end of this wire with the 
continuity tester. If the method of winding shown is 
followed then the starts of both primary halves will 
be at the top of the coil and the other ends at the 
bottom. The end of the identified wire should then 
be soldered to the start of the remaining wire, this 
becoming the centre tap. The remaining wire then 
becomes the other end of the total primary. 



CIRCUIT BOARD 

The amplifier is constructed on perforated board 
which accommodates all the components with the 
exception of the relay for which a cut-out must be 
made (Fig. 6). The holes will also have to be opened 
out for some of the pots and for the fixing screws. 

The wiring should proceed logically from one end 
of the board to the other inserting Veropins where 
the flying leads are to be soldered to the board. The 
oscillator tuning capacitor is mounted up in the air 
on Veropins to keep it away from the hot com¬ 
ponents near it. 

TRll and TR12 are fitted with clip-on heat sinks 
(T05 can). There are four components mounted 
underneath the board which must not be forgotten. 


Fig. 6. Layout ot 
the components 
on the perforated 
board. Note that 
there are some 
c o m p o n e nts 
under the board. 
C27 should be 
mounted away 
from board to 
avoid heat 


CONSTRUCTION 

Upon completion thoroughly check the board 
wiring. The connections from the underside of the 
board to the B9A sockets are then wired, allowing 
sufficient slack to enable the board to be tilted up 
through 90 degrees to facilitate servicing should it be 
required. 

The board is next screwed into position and the 
wiring completed. To facilitate identification, the use 
of an assortment of colours for the connecting wires 
is suggested, and screened leads of low capacity must 
be used where indicated (see Fig. 7). 

For ease of assembly it is suggested that the switch 
wafers nearest to the metalwork are wired first. Note 
the screen between the wafers and the spacers 
required to give good isolation between the two 
sections. In the prototype three-pole three-way wafers 
were used for SI but the easier to obtain four-pole 
three-way wafers are perfectly suitable. 

Prevention of earth loops is essential with this 
equipment and the constructor should note that there 
is only one connection between the chassis and 
amplifier earth. 

At this stage the wiring on the front panel and 
the chassis should be completed as in Fig. 7. 


TESTING 

After having thoroughly checked the wiring (mis¬ 
takes can be expensive) the power supply is plugged 
into the appropriate socket on the amplifier and 
mains applied. Providing that there is now no 
obvious indication of a fault, e.g. smoke, it can be 
assumed that there are no serious errors. 

Measure the supply voltages with a multimeter. 
These should be 55 volts and 27 to 28 volts approxi¬ 
mately. It is then prudent to go around the circuit 

329 

















Table 3: APPROXIMATE VOLTAGE 
SETTINGS 

Junction of R1 and R2 

17-3 

TR1 

emitter 

180 


collector 

0-7 

Junction of R1 and R21 

540 

TR2 

collector 

25-3 


base 

0-7 

Junction of R11 and R13 

270 

TR4 

base 

287 


emitter 

280 

TR3 

base 

253 


emitter 

260 

TR5 


7-7 


emitter 

70 


collector 

18-3 

TR6 

base 

18-3 


emitter 

19-0 


collector 

70 

TR7 

emitter 

60 


collector 

260 

VR4 

wiper (dependent on setting) 

60 

Junction of R25 and VR4 

8-0 

Junction of R26 and VR4 

40 

TR8 

base 

280 


emitter 

28-7 


collector 

200 

TR1C 

base 

19-4 


collector (dependent on VR4) 

120 

Terminal 6 IC1 (dependent on VR5) 

12-0 



checking voltages in accordance with Table 3. These 
are the design figures obtained by calculation and, 
generally speaking, provided that correlation within 
plus or minus 20 per cent is obtained all should be 
well. 

When these checks have been , made rotate VR4 
and VR104 fully clockwise. The meters should now 
show a reading. 

Disconnect the mains and temporarily short pins 5 
and 6 of SK3 together. Set the meter switch to bias 
and the function switch to stereo. Then reconnect 
the mains. The record indicator light should come 
on and the meter show an indication which is adjust¬ 
able by means of the bias control. Failure of the 
meter to read suggests an oscillator fault and the 
power should be switched off immediately to prevent 
damage. Remove the temporary link. 


TAPE TRANSPORT 

With the old heads and/or electronics stripped out, 
the new heads have to be fitted to the base plates. 
Two methods of accomplishing this for the record/ 
replay head are depicted in Fig. 8. It is essential that 
the tracks interleave correctly and the baseplate may 
need to be packed up or filed down accordingly. 

When correctly positioned, the upper edge of the 
top track lies just below the edge of the tape (about 
015mm). With regard to the Collaro deck the slot in 
the baseplate had to be widened with a file and the 








































PL3 



Fig. 8. Methods of fitting the 
new heads of the tape deck 


baseplate packed up to raise the head. The dimen¬ 
sions of the strap are given and it was screwed to 
the baseplate with self-tapping screws. 

The erase head has a single hole through it to 
clear 10BA, and this is the best means of securing it. 
The azimuth of the erase head gap is not critical 
and therefore a rocking plate is not required. On the 
author’s deck this hole was tapped at 8BA and the 
head then secured directly to the head mounting 
plate stood-off by an 8BA nut drilled out to clear the 
thread. The top of the erase head upper track should 
extend to the edge of the tape. 


PRESSURE PADS 

A modification made by the author to his deck 
concerning the pressure pads may be of interest. The 
original pads were of hard felt requiring quite a 
high pressure to ensure contact between the tape and 
the head. These felt blocks were removed and 
replaced by a pad of composite construction, i.e. a 
layer of |in thick foam plastic covered finally with a 
-iVin layer of supple felt. 

This gives improved contact at far less pressure 
thus reducing the wear on the heads and improving 
the flutter performance of the transport. At the same 
time a mu-metal screen cut from an old screening 
can was fixed to the rear of the record /replay 
head pressure pad to reduce the hum pick-up on 
playback. 


RECORD/REPLAY SWITCH 

Most tape recorders have their record /replay 
switch contacts interlocked with the function buttons. 
In order to change the function of the amplifier to 
record, one set of “make” contacts are required. If 
these are not present on the recorder a switch must 
be provided and this should have contacts designed 
for switching capacitive loads. 

The heads are wired up to the plug using low 
capacity screened lead. The deck chassis is earthed 


to the screens of one of the record/play leads. Care 
should be taken to ensure that the metalwork of the 
amplifier does not touch the tape deck. If this is 
unavoidable the earth link mentioned above must be 
omitted. 

The power supply should not be fixed down yet as 
its positioning is critical for minimum hum injection. 
To determine this position the deck should be set in 
motion as it would be when playing a tape. The 
power pack is then moved around the cabinet whilst 
listening to the replay hum level until it is subjec¬ 
tively at its lowest. 

The recorder is now complete and ready for setting 
up. 


SETTING UP PROCEDURE 

The equipment required to set up the completed 
recorder is a d.c. voltmeter, an audio sine wave 
generator and an oscilloscope, or failing this an a.c. 



Photograph showing the heads in position on 
the prototype 


millivoltmeter. The setting up should follow the order 
outlined below as in some cases one stage depends 
on the setting of the previous. 


AZIMUTH SETTING 

Before the electronics are adjusted the heads must 
be correctly aligned with the tape. Adjustment of the 
record/replay head gap in relation to the tape is 
known as azimuth alignment and is essential in order 
to facilitate the interchangeability of recordings 
between machines. This is correctly done with the aid 
of a professional test tape but any commercially pre¬ 
recorded tape or a tape recorded on a machine with 
a known correct azimuth can be used. (Choose a tape 
with a good high frequency content.) 

Whilst the tape is playing the head should be 
rocked up and down until the maximum high fre¬ 
quency output (measured simply by listening to the 
output) is obtained, then fixed in this position. 
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until 

of TR9 and TR109 is 
rotate VR4 and VR104 fully clockwise 
(maximum resistance) then turn back so that the 
respective meters just read zero. 


OSCILLATOR ADJUSTMENT 

In the absence of suitable test equipment, a satis¬ 
factory result may be obtained by setting the adjuster 
to its mid position. The exact frequency of operation 
is not critical and in fact the tolerances of the fre¬ 
quency determining components are wider that the 
adjustment range. 

If an oscilloscope or frequency meter is available 
ihen set the oscillator selector switch to stereo, the 
bias control to mid range and the machine to the 
record mode, then adjust the oscillator coil T2 until 
the frequency is as near to 100kHz as possible. 


DETERMINATION OF BIAS SETTING 

The correct bias setting is important as it affects 
many of the parameters of the recorder. The bias 
setting required depends on the tape speed, the tape 
in use and the mode of the recorder (mono or 
stereo). The settings should be determined as below 
and tabulated for reference. 

7J i.p.s. 

Record a 1 kHz sine wave at a level 6dB below the 
maximum modulation, adjusting the bias from 
— 3dB to + 3dB in |dB steps. Replay the tape and 
note the amplitude of the output for each of the 
bias settings. 

A series of results should be obtained which rise 
to a peak then fall off. The correct setting is that 
v/hich gives a sensitivity |dB (approximately 5 per 
cent) down from the maximum, i.e. slightly more 
bias than is required for maximum sensitivity (see 
Fie 9) 

continued on page 341 


Fig. 9. Graph to show the dependence of fre¬ 
quency response and distortion on the bias level 


Photographs showing the two wafer switches 


Photograph of the completed Tape Link. The 
meters are held on to the front panel by a strap 
which is shown 



332 


Practical Electronics April 1973 













Practical Electronics April 1973 


333 


















ELECTROIMORAMA 



Computer control complex at Reading Trunk Exchange 



Telephone Paging 

W ITH the aid of a new Post Office telephone paging 
system, the businessman, doctor, service engineer 
and many other people on call within a 500 square mile area 
of Reading can be easily contacted, even though their 
whereabouts is not known, simply by dialling a 10-digit 
telephone number. 

The system consists of small "bleeper" pocket receivers; 
five f.m. transmitters, situated at Reading, Stokenchurch, 
Bagshot, Slough and Maidenhead; and computer-con¬ 
trolled terminal equipment at the Reading Trunk Exchange. 

RECEIVERS 

The receivers, small enough to be clipped into a pocket, 
give a high-pitched 10 second "bleep-bleep" signal when 
activated by a phone call. Powered by a 1-5V alkaline 
battery, each receiver will operate, for approximately 900 
hours, representing three months of average use. 

The f.m. receivers are basically a double superhet built 
around six CMOS integrated circuit modules. Sensitivity 
is better than 10/*V/m and reception is in the 150MHz band. 
Following detection, the paging tones are decoded by two 
plug-in active filter modules; 60 frequencies are employed 
in the range 288-5 to 1,433-5Hz and a two-tone sequence is 
used to provide a system usable by 3,540 customers. 
Later the system will cater for 100,000 customers. 

Detection of the first coded tone switches the receivers 
on, reception of the second tone is decoded and once 
accepted will sound a 2kHz bleep note. 

The only control on the receiver is a three position 
switch; “on", “off” and "memory". In the memory 
position, used when the person does not want to be 
disturbed, the incoming signal is stored in a CMOS 
bistable memory device and when the receiver is switched 
back to the on position the bleeper will emit its signal. 

Each receiver has its own 10-digit number (the first four 
digits are an STD code common to all receivers) and 
dialling this number instructs the transmitting equipment 
to send a signal to activate the bleeper. Communication 
is one-way only, so the user must prearrange the action to 
be taken on receipt of a radio-paging call. 

COMPUTER CONTROL 

The heart of the system is a Digital Equipment, type 
PDP11, mini-computer with a basic storage capacity of 
192,000 bits. Installed at the Reading Trunk Exchange, the 
computer receives the “telephone calls", converts them (by 
an interfacer between the telephone network and com¬ 
puter) into a binary-coded format. 

The calls are queued and released in batches at 
15 second intervals. When the number dialled is 
recognised and accepted an announcement to replace the 
telephone handset is given. Once accepted the call is 
converted to the pager code by the computer, and passed 
to a frequency synthesiser and then to the relevant 
transmitters. 

The transmitters are switched by command signals from 
the control'complex slightly ahead of the transmission of 
the pager-code modulation. 

Although the system is only a feasibility study, plans 
have already been made to extend the service to other 
regions, such as London, Manchester and Birmingham. 

More advanced pagers are already being developed and 
the present receivers are claimed to work inside buildings, 
cars and on trains. Engineers have, it is claimed, achieved 
more than a 95 per cent reception in the defined boundary 
limits. 

The radio-paging receivers will cost £5 a month to rent,, 
with an initial fee of £5. Call to a receiver will be free 
during the introductory service. 
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DOPULAR MUSIC is a lucrative and 
' highly competitive field these days 
and the net is cast to take in an even 
younger age group each year. Ten- 
year-olds now have their own idols! 
To be successful in the "pop" field 
involves a constant search for new 
sounds by electronic processes, 
especially as there is a practical 
limit to what can be done with the 
vocal if the lyrics are to remain 
intelligible. (Some readers may 
query the use of the word "intel¬ 
ligible" in this contextl) 

The Survey of Electronic Musical 
Instruments, published as a supple¬ 
ment to the November 1972 edition 
(issues unobtainable), showed how 
manufacturers are catering for this 
search for new tonal ideas. Though 
initially featured by recording artists, 
new effects are copied by local 
groups as they struggle to keep 
abreast of the times. Amateur 
musicians, who prefer "pop” music 
though never play publicly, like to 
re-create at home some of the 
sounds they hear on radio, tape and 
discs. The younger generation has 
always, as a tradition, looked for 
change and new experience, the 
popular music field being no excep¬ 
tion. Over the years, the specifica¬ 
tion of available electronic musical 
instruments has taken this into 
account increasingly. 


LIGHT MUSIC TODAY 

A certain line in "Fings ain't wot 
they used to be", referring to the 
light music scene at that time, 
mentioned musicians "backing them¬ 
selves with three chords only". 
When that song was written, there 
was an element of truth in Lionel 
Bart's cynicism: a number of per¬ 
formers'only seemed able to strum 
the tonic, sub-dominant and 
dominant seventh chords on their 
highly-amplified guitars. This 
deficiency was often covered up by a 
show of vocal and physical gym¬ 
nastics! 


The advent of the Beatles brought 
more tuneful melodies and the use of 
less closely related chords. Though 
the Beatles, as a group, no longer 
exist they underlined the fact that, if a 
song is to survive, the melody must 
be original and tuneful. Many 
modern “pop” numbers will be for¬ 
gotten a few months hence, but the 
Lennon and McCartney compositions 
have already taken their place with 
those of the established Old Masters 
such as George Gershwin, Cole 
Porter, Jerome Kern and Richard 
Rodgers. 

Burt Bacharach is today's prime 
example of a composer who writes 
enjoyable music which will be 
remembered many years hence: 
Antonio Carlos Jobim is in the same 
category, specialising in the Latin- 
American field. The reader who 
plays their music, or attempts the 
transcriptions of Dave Brubeck or 
Dudley Moore, will appreciate that the 
days of “three chords only” have long 
passed and things certainly ain't 
what they used to be! These com¬ 
posers frequently use complex chord 
sequences which demand a high 
degree of musical ability to perform 
them. 

Whereas our sphere of electronics 
—especially integrated circuitry— 
has enjoyed a spin-off from space 
research, classically trained 
musicians who have turned to lighter 
music have also benefited that field. 
The music for a number of West End 
shows running currently has come 
from composers with classical back¬ 
grounds, whilst we have previously 
commented on Walter Carlos, Robert 
Moog and the music for “Clockwork 
Orange”. 


RETROGRADE 

Today's standard of compositions 
and the requisite musicianship in 
light music is higher than it was a 
generation ago. At the same time, 
the true standard of many electronic 
musical instruments has fallen. 


Manufacturers appear to be attempt- 
injfto get the proverbial quart into a 
pint pot, especially where organs are 
concerned. Perhaps this is under¬ 
standable where many instruments 
are sold to be installed in clubs, or 
other public places, where the 
audience expects a really professional 
performance—by their standards. 

The organ studio demonstrator 
will show convincingly what a 
wonderful instrument you are about 
to purchase. It will no doubt have 
many extras such as a built-in rhythm 
unit, waa waa, percussion, arpeg- 
giator, automatic chord unit, Leslie 
speaker, cassette tape recorder and 
perhaps a small synthesiser key¬ 
board, to name but a few. Under¬ 
neath all this, how much real organ is 
there? All these additions are 
expensive and the makers are 
probably working to a given price 
range, so something has to give. 

The accompaniment manual is 
usually the victim, and the buyer is 
lucky if he is offered more than one 
pitch on that keyboard. We should 
perhaps remember that not all users 
of electronic organs are light music 
orientated or require the help of 
automatic chord/rhythm units. No 
serious organist would consider a 
single-pitch manual, or for that 
matter a short spinet manual of 
44 notes and a set of stub-pedals. A 
number of users are primarily 
interested in baroque music or are 
simply church organists who require 
a home organ for practice purposes 
which will produce conventional 
pipe-organ tonal quality. 


SOUND SYNTHESISER 

For those who wish to experiment 
with unusual effects, the synthesiser 
is ideal. Mr Shaw's P.E. Sound 
Synthesiser should prove to be a 
fascinating project for readers seek¬ 
ing new musical sounds: we hope it 
will also alert organ makers to the 
fact that organs should sound as 
such and not attempt to compete 
with the synthesiser. Both are 
separate and distinct musical devices 
with identities of their own. 

Incidentally, readers who went to 
the Audio Fair to hear Mr Shaw's 
synthesiser last year might also have 
listened to some of the stereo 
demonstrations on various stands. 
One of the records used for this 
purpose was "Moog Indigo" (VSD 
6549) featuring Jean Jacques Perrey, 
is recommended to those who like 
the Moog and can 
performer's skill and 
sense of humour. 
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T his alarm system was developed to protect the 
house and buildings remote from it, for example, 
garage, workshop, etc., which might be subject to 
burglary or vandalism. It can of course be used to 
protect all other types of property. 

SEARCH LOOP SYSTEM 

Many alarms use the search loop system in which 
the doors and windows have micro-switches fitted. 
The switches are wired in series and should any one 
switch be opened the circuit is broken. When the 
loop is connected to a simple alarm breaking the 
search loop will cause a bell or other device to sound. 
However, if the loop can be shorted out before the 
switches the alarm can be rendered inoperative. 

This is particularly easy if the building protected 
is remote from the house as the search loop wires 
may be run back together and offer an opportunity 
for short circuit. Short circuits could be caused in a 
number of ways, by accident, fire or deliberately. 

BALANCED BRIDGE 

To overcome these problems a simple bridge was 
devised for the prototype security alarm as seen in 
Fig. 1. 

Here, one arm is made up of the search loop wire 
resistance Rx. With the bridge balanced, that is, when 
Rx X R2 = R1 X R3, no voltage will appear at 
the alarm input points XY. If the search loop is 
made either open or short circuit, outputs will appear 
at these points but of opposing polarity. 

POLARISING DIODES 

To overcome this and to provide voltages of a 
single polarity for the open and short circuit con¬ 
ditions, a diode bridge was arranged so that any 
change of balance in die resistance bridge provides a 
negative going input to the alarm circuit as in Fig. 2. 
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In this, the finalised circuit of the Security Alarm, 
the resistance bridge is made up of Rl, R2, R3, VR1 
and the loop resistance Rx. 

Arm resistances are made 150 kilohms so that the 
standing current is low. VR1 is included to balance 
any difference in the bridge arms and also provides 
a test facility as described later. 

LATCH CIRCUIT 

As the output resistance of the bridge is relatively 
high it is necessary to multiply the input impedance 



Fig. 1. Basic bridge system 
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The current to TR3 base is limited by R5. Once 
tripped the circuit will stay on until the supply is 
interrupted. C2 is included to ensure the circuit 
resets. 

In the prototype a relay was used to switch on 
an external bell. It could also be used to turn on 
lights or activate other warning systems. 


The completed security alarm control unit 


of any device connected across it. In the latch circuit 
this is achieved by connecting TRl and TR2 as a 
Darlington pair. 

TR2 output drives TR3 which is a higher power 
device suitable for driving a relay or lamp up to 800 
milliamps when saturated. 

Latching or hold on is achieved as follows. When 
TR3 is turned on by TR2 the collector voltage falls 
due to the drop across the relay and when TR3 is 
saturated is approximately 0-3V. 

As TR3 collector goes negative, this turns TR2 on 
harder and positive feedback holds TR2 and TR3 in 
saturation regardless of input current to TRl. 


CONSTRUCTION 

Most of the small components given in the circuit 
diagram can be assembled on a piece of 3in X llin 
Veroboard as is Fig. 3. When assembled and wired, 
6in sleeved flying leads should be connected where 
indicated. 

The choice of housing for the board and ancillary 
pieces was a 4in x 6in x 2|in standard aluminium 
chassis. First the mounting holes for VR1 are drilled 
together with those for the double-pole switch and 
Veroboard spacers. 

With these items fitted interwiring can be com¬ 
pleted as in Fig. 4. 


TESTING 

To test the assembled alarm connect up batteries 
B1 and B2 only and fit a 200 kilohm resistor across 
the loop terminal. If a high impedance multimeter 
is available connect across capacitor Cl as seen in 
Fig. 2. 

Set the meter to the ten volt range, and switch the 
unit on. If now VR1 is rotated from end to end a 
null should be found. 

If all is in order, connect B3 and switch on. The 
relay should stay out. If this is not so check that the 
null balance is correct. 

Now rotate VR1 in a clockwise direction and the 
relay should pull in. If the null is now reset the relay 
should remain in. 

Now reset the alarm by flicking switch SI off 
and on, then rotate VR1 anticlockwise when the 
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Fig. 3. Component board lay¬ 
out and wiring 


COMPONENTS ... 

Resistors 

R1 150k n R4 22k fi 

R2 47k £1 R5 220 n 

R3 150k C 

All ± watt 10% carbon 

Capacitors 

Cl 0-47uF C2 0-47uF 

Potentiometer 
VR1 250k n carbon lin. 

Transistors 

TR1-TR2 BCY70 (2 off) TR3 BFY51 

D1-D4 OA81 (4 off) 

Switch 

SI Double-pole, single throw mains on/off 

Relay 

RLA 100-300D coil, 6V with contacts to suit 
application 

Miscellaneous 

B1-B3 9V Vidor VT6 (3 off), aluminium chassis 
4in x 6in x 2^in, Veroboard and wire to suit 
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relay should again pull in. Return VR1 to null and 
reset the. alarm with the switch. 

Note that the relay cannot be reset unless VR1 
s at null. 

TESTING WITHOUT A METER 

Disconnect R4 from the base of TR2 and connect 
i 200kfl resistor across the loop terminals as before. 
Connect all batteries and switch on. 

Rotate VRI until the relay pulls in, then back off 
until the relay drops out. Note the point at which 
the relay pulled in. 

Rotate VRI in the opposite direction until the 
relay pulls in again, and note this point. The 
centre of the two points at which the relay pulled 
in is the null point of the bridge. 

Reconnect R4 and check that when VRI is rotated 
n either direction the relay pulls in and remains 
when VRI is set to null. 

FINISH 

Once the instrument has been checked and the 
null and test points have been determined, Letraset 
may be used to apply a legend to the front panel. 
A coat of clear varnish will ensure the case stays 
.bright. 


INSTALLATION 

As explained previously the search loop resistance 
total 150kG-200kO. This is extremely high and 
any amount of wire used to make up the search loop 
will not affect this figure, therefore it is necessary 
to insert resistance in the form of two lOOkfi resistors 
n the loop 

Arrangement of switches in the loop need not be 
confined to microswitches on doors and windows. 
Switches can be placed under carpets, etc., depending 
on the amount of security required. One further idea 
to protect windows apart from microswitphes, is to 
fix a screen of fine copper with tape or clear varnish 
directly to the glass. This is included in the search 
loop; should the window be broken, the alarm will 
sound. 

The alarm control unit would normally be installed 
in some part of the house, perhaps in a cupboard 
I or concealed behind furniture. However, when siting 
I the alarm, bear in mind the wires will have to run 
I to parts of the house or outbuildings to be protected. 

| WARNING DEVICE 

No actual warning device is shown as this will 
I be governed by personal requirements, possibly only 
I a warnirig light will be required, however the relay 
I could turn on house lights or ring a large bell. 

I Once installed and assuming the alarm has been 
I tested as above, no difficulty should be encountered. 
I Before connecting the search loop check with an 
I ohmmeter for continuity and correct resistance. 
I Connect the search loop to the control unit and set 
I VRI to null; switch on the alarm and check that 
I both shorting and open-circuiting the search loop 
I cause the alarm to operate. 

I When in use periodically check the alarm by 
■ rotating VRI first clockwise and then anticlockwise. 
I In both cases the alarm should sound. This forms 
la test of battery Condition. Batteries should operate 
I the unit for their shelf life. 
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HI-FI TAPE LINK 

continued from page 332 

3} i.p.s. 

Repeat as for i.p.s. using a test frequency of 
500Hz. 

1J i.p.s. 

As for 7| i.p.s. but using 250Hz. 

The bias must be determined separately for mono 
and stereo modes. 


PRE-EMPHASIS 

Adjustment of the pre-emphasis gives a maximally 
flat overall frequency response. 

7i i.p.s. 

Apply an input signal from a signal generator at 
15-4kHz and adjust LI until peak output is 
obtained at the output of the replay amplifier 
(junction of Rll and R13). Next set the generator 
frequency to 4kHz and record at a level of — lOdB. 
Replay the tape and note its output as this is to 
be used as a reference. 

Reset the frequency to 15-4kHz and make 
another recording leaving the level control un¬ 
touched. Note the playback level and then make 
successive recordings adjusting VRI to give a play¬ 
back level at 15-4kHz which is jdB greater than at 
4kHz. The overall response should now be reason¬ 
ably flat. However, a check should be made at a 
number of points between 4kHz and 15-4kHz 
adjusting VRI so that the undulations in the 
response curve lie equally about the 4kHz figure. 
Then repeat this procedure for the other channel. 

3J i.p.s. 

Record a 800Hz reference level once again at 

— lOdB. Set the generator to 9-6kHz and repeat 
the above procedure but this time adjusting VR2 
then VR102. 

1 1 ' P-s- 

In this case a 200Hz reference level is used at 

— lOdB. The generator is set initially to 6 0kHz and 
VR3 then VRI03 are set up as above. 


MODIFICATIONS 

Readers wishing to save the expense of two meters 
can parallel the outputs of the meter drive amplifiers 
into one storage capacitor. The meter will then show 
the larger of the two input signals. 

If this design is to be used with the P.E. Gemini 
amplifier then it is advisable to fit attenuators to the 
input and output sockets. This allows reasonable use 
of the gain control to be made when recording and 
on playback gives an output consistent with the input 
sensitivity of the Gemini. 


Correction: In the first part (March .1973) Figs. 2b 
and 2c should be transposed. 
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PARTIO 


COUNTER BOARDS 


plug- 






month’s article deals with the m(counter) 
irds which are the last of the arithmetic unit 
cards to be described. 




The counter itself consists of a serial string 
four-bit. decade counter units which have a 
mum count capacity of 999999. 

The counter can be cleared or preset by 
priate control signals from the programme, 
triggered by the plus /minus complete signa 
board cb, which is produced during each a 
and subtraction. 

The six, four-bit, B.C.D. outputs from the < 
are fed to the comparator circuit and also 
a register into which they can be entered 
end of a division sequence as required. 

When the comparator registers an 
between the count and the E register 
during a multiplication, it sets a latch 
duces the comparator equal signal, which i i 
stops the arithmetic clock. 

Before a multiplication sequence, the i Juals 
latch is cleared by a signal from the 


M COUNTER FUNCTION 

basic system used to enable the multiplica- 
id division operations to be carried out was 
desci | ed in Part 1, where it was mentioned that the 
suco | ive additions and subtractions carried out 
erejc >unted in a counter circuit. 

this counter which is housed on the two 
iden i< il m boards, together with the comparator 
cirajitf required during multiplication to register 
laality between the count and the contents of 
Register. 

[ DIAGRAM 

block diagram of the counter/comparator 
' % and their related data paths is shown in 
b.l, which can be placed in context by refer- 
> the overall system block diagram, Fig. 1.3 


inter 
1 the 
1 the 

_ iity 

ier c< ntents 
i whic pro- 
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l-*-PLUS 
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Fig. 10.1. Block diagram of the COUNTE V 
COMPARATOR circuits and their related di ta 
paths 
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PARTITIONING 

A six decade counter and comparator requires 
too many i.c.s, even when using M.S.I. devices, for 
it to be housed on a single DL109 card, so the 
circuit is split into two identical sections, each com¬ 
prising a three decade counter and a commensurate 
amount of comparator circuitry. This is described 
more/fujly in Fig. 10.2. 

Only one equals latch is required, but in practice 
a latch is incorporated; on each board to ensure 
interchangeability, which is an advantage in fault 
finding, and initial testing. 

The latch in use is determined by the external 
edge connector wiring, no connection being made 
to the latch inputs and outputs on the board in the 
M2 position. 


FULL CIRCUIT 

The full circuit of one of the m counter boards 
is shown in Fig. 10.3. The counter chain is easily 
identified as IC’s 123, 124 and 125 which are SN7490 
devices connected to count in a B.C.D. code by 
connection on the A output to the B input. 



Fig. 10.2. Partitioning of. the COUNTER/COM¬ 
PARATOR between the two M boards 
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COMPONENTS ... 


The count input to the board comes either from 
the PLUS/MINUS complete line (in the case of Ml) 
or from the LS + 2, D output of board Ml (in the 
case of M2). 

Each of the SN7490 devices has a decoupling 
capacitor connected between its power supply lines, 
in addition to the two standard board decoupling 
capacitors C41 and C42. 

LINE DRIVING 

Special precautions are necessary for absolute 
integrity or the count, without false triggering or 
commutation, because the ABCD counter outputs 
are taken off the board as inputs to the a register. 

Line driving from counters in this way can cause 
problems due to the high peak current required to 
charge the stray capacitance of the line during a 
0 to 1 transition. Having an extra reservoir of charge 
available directly across the i.c. power pins goes a 
long way toward preventing the mistriggering prob¬ 
lems which could result. 


COUNTER PRESETS 

The reset 0 (RO) and reset 9 (R9) inputs to the 
SN7490 set the counter outputs to 0000 or 1001 
respectvely. 

The R0 inputs are connected together to form 
the clear counter line, controlled by the pro¬ 
gramme, and the R9 inputs together make up the 
reset to 999 line. 

As mentioned in Part 1, it is necessary to preset 
the m counter to 999999 before a division so that 
the final number of subtractions counted when the 
a register contents go negative and stop clock 
generation, is not the full number of subtractions 
performed, but the full number minus one. 

Setting the count to 999999 is the same as starting 
to count from minus one, since on the first plus / 
minus complete pulse, the count will change to 
000000, the number registered by the counter always 
being one behind the true number of subtractions 
performed. 

During multiplication the true number of addi¬ 
tions performed has to be counted—the programme 
ensuring this by energising the clear counter input 
and not the reset to 999 input. 




Fig. 10.4. Equivalent logic for an EXCLUSIVE-OR 
gate and truth tables for both positive and 
negative logic conventions 


Resistors 

R72, R73 560 n ±W ±10% (2 off) 

Capacitors 

C41, C46 10/xF 15V elect. (2 off) 

C42-45, C47-50 0 047^F (8 off) 

Integrated Circuits 

IC123—125, IC132-134 SN7490 (6 off) 

I Cl 26-128, IC135-137 SN7486 (6 off) 

IC129, I Cl 38 SN7400 (2 off) 

IC130, I Cl 31, IC139, IC140 SN7405 (4 off) 

Printed Circuit Boards 
Type DLI09/44 Shirehall (2 off) 

In each case components are divided equally 
between the two M boards 


COMPARATOR 

The counter as described is all that is needed 
to allow the division operation to take place, but 
during multiplication comparison of the count 
with the e register contents is required. 

The comparator is made up of the remaining 
i.c.s on each board and is concerned solely with 
detecting the equality of e register and counter 
outputs so that a control signal can be produced 
to stop the clock at this point. 

The 24 bits of E register data and the 24 bits 
of counter data are individually compared on a 
one-to-one basis in a series of 24 exclusive-or 
gates formed from six SN7486 packages, housed 
three to a board. 

EQUIVALENCE GATE 

The SN7486 package is a member of the M.S.I. 
family and is described as a quad exclusive-or 
gate in TTL literature. The very useful exclusive-or 
function has its own logic symbol, but is in fact 
made up of a series of simpler gates, as has its own 
logic symbol, but is in fact made up of a series of | 
simpler gates, as shown in Fig. 10.4. 

Readers may recognise the equivalent logic i 
being simply the common and-or-invert function 
together with a couple of inverters to produce the 
not version of the a and B inputs. 

The reason for the exclusive-or name becomes 
obvious when the basic (positive logic) truth table 
is examined. The output from the gate is a logic 1 
if either input a or input b is a logical 1 but r 
if both are logical l’s. 

This response is that of a non-equivalence gate 
since a logic 1 output is produced only when the 
inputs are different, but the situation is changed 
when the gate is examined in operation as a negative 
logic system, as the second truth table demonstrates. 

NEGATIVE LOGIC 

In the second truth table we can see that when a 
low vbltage is interpreted as a logic 1, rather than I 
as a logic 0, the output of an SN7486 gate is a logic I 
I when the inputs are identical, giving the equiva- 
ence function. 
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M COUNTER BOARDS 


Layout of capacitors on underside (ignore unmarked capacitor) and interwiring details of M2 socket 


Layout of components on upper side of M COUNTER board, and interconnection details of the Ml 
edge connector. See Fig. 6.9 for disposition of edge connectors 
























To disbelievers, all this talk of switching logic 
conventions to suit the circumstances can be con¬ 
fusing, and really it is only a convenient way of 
looking at things. 

In practical terms, the output of an SN7486 gate 
will go low when its inputs are identical, so to 
determine when all 24 gates have low outputs, i.e. 
when m equals e, we need a 24 input nand gate 
which responds to negative logic inputs. 

NEGATIVE LOGIC NAND GATE 

No such gate is available in the standard TTL 
range, but if it were, it would be listed as . a nor 
gate because TTL is described in the positive logic 
convention. 

All is not lost however since by using an open- 
collector inverter connected in the input of each 
SN7486, and then joining all the open collectors 
through a single common resistor to Vcc, i.e. by 
performing the wired-or function at their outputs, 
a negative logic nand gate of virtually unlimited 
size can be formed (Fig. 10.5). 

The way a gate operates is fairly straightforward : 
if all SN7486 outputs are low, i.e. if m equals e, then 
the output of all inverters will be high, and the 
common resistor ensures a high voltage output. 

If any one or more of the SN7486 outputs is high, 
however, one or more of the inverter outputs will 
go low and pull the common output to a low level. 

INVERTERS 

The inverters used on the m boards are type 
SN7405, which have the required open collector 
output circuitry. Note that the SN7404 devices are 
not suitable for use in this position due to their 
standard totem-pole outputs. 

Although only one “pull-up" resistor is required 
for the full 24 inverters, electrically speaking in fact 
a separate resistor is used on each board to allow 
the boards to operate autonomously when required. 

The inverter outputs from the two boards are 
united by means of the compare expansion input/ 
output line, so that the two resistors are effectively 
in parallel. 

LATCH FUNCTION 

When an equality is registered by the comparator, 
the common output line rises to a high level and 
this signal is used to set the simple latch flip-flop 
made from cross-coupled SN7400 gates G2 and G3. 

Setting the latch is carried out via another gate 
Gl, which is controlled by the clock input line to 


ii,$ 4 - 1 f 


Fig. 10.5. The use of inverters to form a "24 
input NOR gate 


COUNT PROPAGATE 
DURING THIS NTERVAL 



Fig. 10.6. PLUS/MINUS COMPLETE waveform 
from the COUNTER boarff 


me nisi m practice inis line win carry xne 

plus/minus complete waveform, since only the 
latch on the M1 board is wired into circuit. 

The reason for this gated latch input circuit is 
explained in Fig. 10.6, which shows the plus/minus 
complete waveform from the counter board. 

The SN7490 counters are triggered from the 
negative going signal, but because these devices 
operate in the ripple count mode, there will be a 
significant count propagation delay time .down the 
chain which can and will lead to transient spurious 
outputs from the comparator gating. 

Using the plus/minus complete signal to gate 
the comparator output prevents the spurious out¬ 
puts from setting the equals latch until count 
propagation is complete, since Gl is enabled by the 
positive going edge of the waveform. 


EQUALITY 

When a genuine state of equality exists between 
the counter and e register the latch is set, energis¬ 
ing the counter equal line which in turn stops the 
supply of clock pulses to the a, z and adder boards. 

Before a further multiplication sequence is 
initiated, the programme clears the equals latch 
ready for a new comparison. 


CONSTRUCTION 

Construction of the two m boards follows the by 
now familiar pattern, two DL109/44 cards being 
used. All wiring should be kept as short as possible 
whilst avoiding “bird’s nests”. 

Speed problems decrease by a factor of ten for 
each stage of the counter meaning in effect that 
only the first stage could be a problerti in this 
respect. For this reason it is best to select which 
board is to be installed in the Ml position during 
test calculations, since the first stage of one board 
might perform better than the other at speed. 


TESTING 

The M boards are easy to check in isolation if 
required, but if the recommended sequence of con¬ 
struction has been followed and the calculator is 
operational on add /subtract, it is easier to test the 
boards in situ, using the multiply /divide pro¬ 
grammes—but more of this next month. 
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Build yourself a TRANSISTOR RADIO 


COSTS 

£850 

P.P. A INS. 50p 
(OVERSEAS P. A P. £1) 


ROAMER 
SIX 


^■"G COSTS £3-98^r 


ROAMER 

SEVEN 


Mk. IV 
















































FIRST AWARDS 


The Society of Radio and Elec¬ 
tronic Technicians, now almost 
6,000 strong, has awarded its first 
three Honorary Fellowships. Proud 
recipients were Lord Orr-Ewing, 
Edwin Spreadbury and Kenneth 
Tempest, all of whom have played 
a major role in establishing the 
Society. 

The awards were made at a 
dinner in The Cholmondeley Room, 
House of Lords, with this year's 
SERT president, James Redmond, 
director of engineering BBC, rn the 
chair. Among the distinguished 
guests were Sir Eric Eastwood, 
chief scientist and director of re¬ 
search GEC, and Sir Cyril English, 
director general of the City and 
Guilds of London Institute. 

Of the three Honorary Fellows it 
was probably "Spread” who en¬ 
joyed the distinction most keenly 
for it was he who helped in the 
formation of the Radio Trades Ex¬ 
amination Board back in 1941 and, 
later, as chairman of RTEB, he 
was instrumental in founding SERT 
of which he became first chairman. 

Lord Orr-Ewing, top man in 
Ultra Electronics, was first presi¬ 
dent of SERT in 1966 and gave 
influential support. Immediate past 
chairman Kenneth Tempest had 
the satisfaction of seeing member¬ 
ship pass the 5,000 mark during 
his term of office. 

SERT has not wavered in its 
policy of insisting on good quali- 
fications for members and thus 
has helped raise the status of 
technicians and brought them into 
the professional class of employ¬ 
ment. 

The properly gualified electronic 
technician engineer deserves his 


professional status and quite 
clearly the work of SERT and the 
IEETE (which caters more broadly 
for the electrical technician engi¬ 
neer although many members are 
in electronics) is important in 
establishing a better business and 
industrial status for members. 

MAGIC MILLION 

A million pounds is a nice round 
figure for turnover—indeed a 
magic figure to aim at for those- 
with the guts to go it alone without 
benefit of shelter from working 
within a big group. 

Bill Coates, top man in Leices¬ 
ter-based component distributor 
Townsend-Coates gets his taste of 
magic this year. He started up in 
1961 with a first year sales turn¬ 
over of £2,500, largely to local 
concerns. Now he has a staff of 
46, stocks 16,000 different items 
from nearly a dozen manufacturers 
and sells on a nation-wide basis. 

Two go-it-aloners who are work¬ 
ing on the magic million, although 
still with some way to go, are Ray 
Vincent and Jim Griffith. In 1966 
they took over ailing Plastronics 
Ltd., at Watford, a moulding and 
sub-assembly Shop serving the 
electronics industry. Staff today is 
40 after a move to new premises 
in 1969 and, says Jim, it will be 
necessary to make another move 
for expansion before long. 

Among the more important 
customers for Plastronic moulded 
products are Garrard, BSR, British 
Radio Corporation, Lotus cars and 
Scammell lorries. The computer 
industry is also a big customer. 

EXHIBITION NEWS 

The first commercial full scale ex¬ 
hibition and conference on Auto¬ 
matic Testing Equipment—fastest 
growing sector of the instrument 
industry—will take place at the 
popular Metropole Convention 
Centre, Brighton, opening on 
November 26. Stands are already 
being booked by leading manu¬ 
facturers and a call for papers 
has gone out. 

Microwave 73, also at the Metro¬ 
pole is a sell-out. It will be opened 
officially on June 19 by His Roval 
Highness the Duke of Kent in his 
capacity as a member of the 
National Electronics Council and 
a Companion of the IERE. 

Sir Gerald Narbarro is to hop 
over to the USA to open Coil Wind- 
ing-Chicago 73 organised by 
British-based Electromation Exhibi¬ 
tions Ltd. and opening on March 
27. Sir Gerald is first president 
of the International Coil Winding 
Association. 

The International London Elec¬ 
tronic Components Show opening 
at Olympia on May 22 is to have 
350 exhibitors. Biggest stand is 
occupied by a consortium of 


French companies who are clearly 
determined to cash in on the 
opportunities of the enlarged EEC. 

The Soviet Union will be show¬ 
ing valves, passive components and 
test gear through British agents Z 
& I Aero Services. Previous show¬ 
ings of Russian components both 
in the UK and France have left me 
totally unimpressed—perhaps there 
will be more of interest this year. 


BIPOLAR PROCESS 

Plessey’s Bipolar Process Ml 
technology for Integrated circuits 
has now moved from pilot produc¬ 
tion at the Ailen Clark Research 
Centre at Caswell, to full produc¬ 
tion at the main semiconductor 
plant at Swindon. 

Whole families of new devices 
have been planned and with higher 
speeds now available a new range 
of applications has been opened 
up. Among the first commercially 
available products are high speed 
dividers capable of accepting an 
input of 1-2GHz, and a range of 
loqlc circuits compatible with 
Motorola’s MECL III range. 
Selected variants, say Plessey, 
have a considerable performance 
gain over standard MECL III. 

The production technique uses 
an epitaxial layer only 4 microns 
thick with emitter-base and base- 
collector junctions well under a 
micron deep. This is obviously not 
a cheap process but every mile¬ 
stone on the path to improved per¬ 
formance must exact Its price. 


HALF CENTURY 

Eddystone Radio is approaching 
its 50th birthday with record 
growth and a firmer policy than it 
has had for years. Eddystone’s 
Big Three, managing director Dick 
Carfoll, chief engineer Bill Cooke, 
and sales manager Ken Wilkins 
are now dedicated to total solid 
state equipment and minimum pro¬ 
duction targets of 10,000 receivers 
on any new models. 

The last of the Eddystone valve 
receivers, the popular 830, has 
been delivered and is being super¬ 
seded by the new solid state 1830 
range of general purpose receivers 
which have already won full ap¬ 
proval from the British and a 
number of other PTT administra¬ 
tions. 

During a visit to Eddystone’s 
Birmingham works, I was told that 
the 958 Series of high-stability re¬ 
ceivers, of which over 1,000 have 
now been delivered, is now avail¬ 
able in nine versions. What has 
given Eddystone this flexibility in 
production is a big switch to modu¬ 
lar construction and this has also 
had its effect on manufacturing 
and testing methods. 


Practical Electronics April 1973 


349 

















Designing 

Integrated 

circuits 

BY A.FOORD 

Counters and Displays 


W e have spoken in general about digital instru¬ 
mentation and counters and this month will 
consider how the counters can be constructed. We 
will first examine in detail the individual integrated 
circuits used in a typical decade counter. 

SN7490N DECADE COUNTER 

The SN7490N consists of four master-slave 
bistables internally interconnected to provide a 
divide-by-five and a divide-by-two counter. There 
are also gated direct reset lines to inhibit the count 
inputs and return all the outputs to a logical 0 or 
binary coded decimal (BCD) count of nine. 

The output from the first bistable is not internally 
connected to the next stage, and so three different 
count modes are possible. Fig. 7.1. 


1. The BD input is externally connected to the 
A output, and the A input receives the incoming 
count. A count sequence is obtained as shown in 
the truth table. The outputs can be reset to a 
conventional zero or to a BCD count of nine 
for nines complement decimal applications. 

2. Where a symmetrical divide-by-ten count is 
required (the previous arrangement divides by 
ten, but not symmetrically) the D output is con¬ 
nected to the A input. The input count is applied 


BINARY CODED DECIMAL 

binary numbering system for coding 
decimal numbers in groups of four bits. The 
binary value of these four-bit groups ranges 
from 0000 to 1001 and codes the decimal digits 
0 to 9. To count to 9 takes four bits, to count 
to 99 takes two groups of four bits, etc. 

RESET 

Also called clear. It is an input which makes 
the output go to a desired state, usually 0 or 9. 


to the BD input and a divided-by-ten symmetrical 
square wave is obtained at the A output. The 
circuit thus divides by five first and then by two. 

3. For divide-by-two and divide-by-five operations 
the two counters can be used independently. 
Bistable A is used to divide-by-two while the 
BD input is used to obtain a divide-by-five opera¬ 
tion at the B, C, and D outputs. However the 
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SN7475N QUADRUPLE BISTABLE LATCH 

The SN7475N is a bistable latch which is used as 
a temporary store for binary information, Fig. 7.2. 
Information which is present at a data input (D) 


is transferred to the Q output while the clock is high. 
The Q output follows the data for as long as the 
clock is high but the last information is retained at 
the data output when the clock goes low. 

SN74141N DECODER-DRIVER 

The SN74141N is one of several decoder-drivers 
available in the TTL range and is designed to drive 




Fig. 7.2. The SN7475N quadruple bistable latch 
(t n = bit time before clock negative-going 
transition, t n + | = bit time after clock negative¬ 
going transition) 


Fig. 7.3. The SN74141N 
decoder-driver for cold 
cathode indicators 
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Fig. 7.4b. Typical 
waveforms in the 
circuit above 


radical Electronics April 1973 


353 



































































































































UNITS TENS HUNDREDS 



Fig. 7.5. Cascading the ^nodules for multi-decade operation 


cold cathode indicator tubes. It accepts a BCD input 
which it decodes to drive the cathodes of an indicator 
tube without the need for external components, as 
in Fig. 7.3. 

SINGLE COUNTER MODULE 

A typical application for a single counting module 
is shown in Figs. 7.4a, b, with the counting sequence. 

(a) During t 3 the decade counter is reset to 0. 

(b) During t 2 a BCD count of three is available 
at the output of the SN7490N, but the indicator 
still displays 0. 

(c) At the start of t 3 the indicator will display 3, 
and at the end of t 3 the BCD count of three is 
committed to the memory of the SN7475N. The 
decade counter is free to count again. 

(d) During t„ the decade counter is reset to 0 and 
will then repeat the cycle to display five. 

For multi-decade operations the modules may be 
cascaded as shown in Fig. 7.5. 

PRACTICAL DETAILS 

For those constructors who wish to experiment 
with these applications, R.S. Components produce 
the three integrated circuits, a printed circuit board, 
and the indicator tube. 

The 5V logic supply and the h.t. can be derived 
from a transformer which gives 6-3 voltp and 250 
volts. 

For testing purposes the reset and transfer lines 
may be derived from switches, and the input signal 
derived from a Schmitt trigger SN7413N oscillator. 


FAN-IN PROBLEMS 

(a) reset (SN7490) 

The reset line of the SN7490 can have a fan-in 
of one if the other reset input is returned to 
V cc , so that an SN7400 (fan-out of 10) can drive 
an adequate number of decades. 

(b) count inputs (SN7490) 

The A or BD inputs of the SN7490 can be driven 
from an SN7400. 


(c) TRANSFER CLOCK (SN7475) 

The transfer line of each SN7475 has a fan-in of 
eight (two per latch). The solution is to use one 
quarter of an SN7400 for each SN7475 package 
or to use a buffer (such as the SN7437 or SN7440) 
which has a fan-out of 30. 


CONCLUSION 

This article has shown how three integrated 
circuits can be used to interface with cold cathode 
indicator tubes. Where the intermediate outputs are 
not required the new SN74142N combines these three 
circuits into one 16 pin dual-in-line package, with 
a considerable space saving. 

For driving displays other than cold cathode 
indicators the SN74141N would be replaced by one 
of the other drivers in the range. Although seven 
segment indicators (for example) are popular because 
they only need a 5V rail, cold cathode indicator 
tubes are still preferred by many people, since the 
required h.t. is not difficult to provide. 
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BAKER HI-FI SPEAKERS 

HIGH QUALITY — BRITISH MADE 



|.L PRICES INCLUDE ANY V.A.T. OPEN 9-4 p.m. WEDNESDAYS 9-1 p.m., SATURDAYS 9-5 p.m. (Closes for Lunch 1.15-2.30) 

SPECIALISTS 337 WHITEHORSE ROAD - CROYDON 

|rport: Remit caih and extra pottage.) Bu.e, SO. t$, IS9. Roil S'lhurH Telephone 01-684-1665 
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AMPLIFIER, 

£3-75. 


TAPE 
RECORDER 
LEVEL 
METER 
500 f A, 50p. 


MINIATURE INDICATOR LAMPS (5 

colours), lip; 6-3V or 12V Bulbs for above, 4p. 
MAINS NEONS with long leads, 6p; Panel 
mounting (red, green, clear), 15p. CART¬ 
RIDGES: Compatible ACOS GP91-3SC, 90p; 
Stereo GP93-1, £1-15. HEADPHONES: High 
Impedance (2,000 ohm), 90p; Stereo 8 ohm, 
£1 -95 ; Stereo/Mono 8/16 ohm, £2-10. MICRO¬ 
PHONES: Lapel, 28p; ACOS Mic 60, £1; 
Cardioid Dynamic Microphone Dual Impedance 
600 ohm and 50K, £4-50. CONDENSER Micro¬ 
phone, £8-62. JUNCTION BOXES JB3, £1-20. 
Please note there will be 10% V.A.T. charge 
as from April 1. 

Large S.A.E. for list No. 5. Special Prices for 
quantity quoted on request. Please add lOp for 
P. A P. on orders under £5. 


M. DZIUBAS 

158 Bradshawgate, Bolton, Lancs. BL2 1BA 



WATFORD ELECTRONICS 


SEMICONDUCTORS 


35 CARDIFF ROAD, WATFORD 
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Dontmfes 



BLOOMSBURY CENIRE HOTEL 

Coram Street, Russell Square 
London W.C.1 


13-15 MARCH 1973 
Tues/Wed 10.00-18.00 hrs. 
Thurs 10.00-17.00 hrs. 

THEONLYEXHIBITION IN 
EUROPE EXCLUSIVELY 
FEATURING 

PUBLIC ADDRESS 

ALLIED 

EQUIPMENT 

There will also be Lectures and 
Demonstrations 
Tickets and information from 
the organisers 
THE ASSOCIATION OF 
PUBLIC ADDRESS ENGINEERS 
6 Conduit Street, London 
WIR 9TG ENGLAND 
TEL. 01-493 5256 


PRACTICAL ELECTRONICS 
“SCORPIO” ELECTRONIC 
IGNITION SYSTEM 



DABAR ELECTRONIC PRODUCTS 
98a Lichfield Street, Walsall, Staffs. WSI IUZ 

TELEPHONE: WALSALL 34365 TELEGRAMS: DABELEC Waliall Si 



EASY-TO-USE'l 

DISPENSERS 

/ 

Size 5 

Savbit alloy 

m 

18 swg, 18p 
(illustrated). 

Size 19A 


60/40 alloy 

at- 

18 swg, 18p 

Size 15 


60/40 alloy 


22 swg, 22p 

< 



IDEAL FOR HOME 
CONSTRUCTORS 

Size 1 cartons in 40/60, 60/40 
and Savbit alloys 
in 7 gauges 25p 



BIB WIRE STRIPPER AND CUTTER 

J s' Deluxe Model 9 Automatic opening spring, 

locking catch, plastic-covered handles. Case 
.hardened and precision ground. Adjusts 
^to most wire sizes. Cuts and strips 
? flex, splits plastic twin flex. 75p 
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Sinclair Project 60 


Now-the Z.50 Mk.2 


with built-in automatic 
transient overload protection 


When originally introduced, the Sinclair Z.50 proved how it was possible to 
design and produce a popularly priced modular power amplifier having 
characteristics to challenge the world's costliest amplifiers. Many thousands of 
Z.50's are now giving excellent service day in. day out. But we have also learned 
that constructors do not always use their Z.50’s ideally. That is why we have 
introduced modifications whereby risk of damage through mis-use,is greatly 
reduced and performance further enhanced. The Z.50 Mk.2 has improved 
thermal stability, more accurately regulated D.C. limiting to ensure more 
symetrical output voltage swing and clipping and still less distortion at lower 
power. Z.50 Mk.2 is compatible with all other Project 60 modules, and may be 
incorporated to advantage in existing systems. Eleven silicon epitaxial planar 
transistors are now used, two more than in the original Z.50; circuitry has been 
re-designed, making this versatile high performance amplifier better than ever. 


Z.30 the power 

amplifier for quality and 
economy 







Typical Project 60 applications 


i-sSsii 


mmWm 


■ini 


K Playe? 

Z.30 Crystal P.U.. 12V battery £4.48 

Mams powered 

record Z.30.PZ.6 Crystal or ceramic P.U. £9.46 


ssw 



So°uSe 

ss. st&sr 

F.M. Stereo Tun 
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the world’s most advanced high fidelity modules 


Stereo 60 Pre-amp/control unit 

;;;• •••• 




Power Supply Units 
























































































BRITAIN’S FASTEST SERVICE !Q 

A SELECTION FROM OUR COMPREHENSIVE CATALOGUE V ^ 

ALL ITEMS 

A All 9 3 Ji 

AC126 20| 

AC127 25p 

AC128 24f 

AC153 19 

AC1|3m 6K 32 

ARE BRANC 

BCY58 18p C 

BCY70 15p C 

|d 124 75p C 

BD13V132 £T50 C 

BF163 35? C 

BF167 Up C 

BF173 Up C 

NEW AND FU 

*3043 £1-73 OA81 

13046 ~t«p OA91 
*3048 £2 34 0 A95 

*3052 £1-80 o A200 

*3065 £180 OA202 

*3088E £1-38 0 C20 
*3090Q £4 70 O C25 
34001A 72p OC28 
D4009A £1-56 QC29 
34011A 72p OC35 
D4012A £1-16 qc36 

D1015A nn 0C4 1 

LLY GUARANTEED 

•p 1N4007 19p 2N6027(D 

5? 1N5404 18? 3N128 

6p 1N5408 25P3N140 

97p 1S920 7p 3015F 

37p 1S940 ®p 3015 G 

70p 1S5009 80p 7400 

76p 1S5012 80p 7401 

80p 1S5015 75p 7 402 

40p 1S5024 75P 7404 

ELECTROLYTIC AXIAL LEADS 

3T « p )() Vol, ^ e ^ io# 6p 
£ Vo 3 p 10 lOOv 5p 100 25v Op 

£1 05 2 2 25v 7p 100 40» 7p 

£1 05 2 2 63v 5p 100 63» Up 

£2-00 47 40v 5p 220 25v Op 

•vg IS S S p p SS S Al 

ss S & % 3S8S 25v SS? 

20? 47 25v 6p 4700 16v 33p 

ACW/188K 40 

ADI 61/162 70 

BF194 15? C 

BF196 15p C 

BF200 35p C 

BFX?3 25? C 

D4017A £3 90qC44 
£3-90 OC45 

gtt Sftggg 

R63/40AF ’ “ gcll D 
«S OC83 

Z 0 e <NTGD10? P gg°<39 

25? 2N 706 Up 7JJ0 

25P 2N706A 12p 7425 

20P2N911 S9p 7440 

20P 2N914 20p 7442 

23p 2N918 «2p 7443 

25P2N929 «P 7444 

HI CAPACITORS—METALLISED POLYESTER 

20 p O Ol' 0*015.“022. 0 033 ’ “ “Sp 

SS P SroS:® 010 % 

s: n 1 

£,*S jf jg 

£1-4S ^ „ p ( t „ + r H 2«p 

AF118 44 

AF124 25 

AF125 24 

BFX87 30? IB 

BFX88 24p L 

BFY50 15p L 

BFY51 15p L 

BFY52 15p L 

BFY53 17p L 

C709C/5 “ujlgg™ 
ggSS £V02 OCP71M 

£7i!S/8 „«? ggp®9 

42? 2N1303 17? 7J5I 

50p 2N1304 24p 7453 

40p 2N1306 30p 746O 

CAPACITORS—POLYSTYRENE | ^ 

I?? Stock values each 

100pF, 150pF, 220pF, 330pF, 470pF, 560pF, 680pF, 820pF, 

SS lOOOpF, 1500pF, 2200pF, 3300pF, 4700pF t 5600pF, 6800pF, 3p 

Order as: "Polystyrenes" + Capacitance. 

iSSS= 

BRY39 40p K 

C1305P £2 80 PN70 
C1307P £1-65 PN71 
C1310P £2 95 PNj07 

Op 2N1308 34p 7472 

Op 2N1309 34p 7473 

7p 2N1_559 (CR1/_7474 

ALUMINIUM HEAT SINKS 

JIS 10DN 34p (Plain All undrilled) 

10DDR 43p (Plain All drilled 2 x To3) 

fill 1 


C1330P *80d PN109 
C1352P £2 00 PN3819( 

7p 2N1613 Up 747$. 

2N38U) 2N1711 15p 7450 

LOW PRICED DIL 1C HOLDERS 

Hi DRD 7 14 Pin DIL 15p DRD 8 10 Pin DIL 17p 

BC107/BC177 10 

BSY95A 12? M 

1y127 22? ft 

BTY79/400R 92p M 
BZY88C3V3 13p ft 
BZY88C3V6 13p M 
BZY88C3V9 13p M 
BZY88C4V3 13p M 

:4044P *2io|T2 
: C6040 £115 SL403A 

f 8 Ko £1 24 SL803A 
FC8M0 £2 12 SL403D 
jls20 05? TAA26 

28 p 2N2218 33p 7483 

50p 2N2218A 44p 7486 

(Reel) 2N2219 38p 749O 

OOp 2N2219A 53p 7491A 

OOP 2N2368 17p 7492 

p.) £1 50 2 N2369A 17?7494 

75p 2N2484 42p 7495 

97p 2N2646 45p 7496 

*33? NYLON NUTS^AND BOLTS ^ h M , d d 

£1 7 -13 Pack No? K C0n8, *^ re 0 > f d f0Ur ISSoth** f ° Ur Quantlty 0lt *Pack Price 
80p HSN1 6BA V' 4 10p 

£ 1 48 HSN3 p ack No 4 10P 

BC103/BC178 

23 

BZY88C5V1 13pm 
BZY 88C5V6 13p M 

JE3055 60p JAA32C 
J480 97 d TAA 86 

45p 2N2905 85p 74121 

£1 -97 2N2905A 75p 74141 

Up OPTO ELECTRONICS-3 devices 

£1 00 from our range—OCP71-42p, ORP12-50p, TIL209 Red led 35p 

BC109/BC179 

BZY88C6V8 13p M 
BZY88C7V5 13p 
BZY88C8V2 13p 
BZY88C9V1 «p M 
BZY88C10V 13p M 
BZY88C11V 13p u 
BZY88C12V 13 pm 

J491 £T35 TAD110 
J802 

5 sSSSS 

£2<8t 1N2925 20p 74151 

^Sp 2N2926 lOp 74153 

OOP 2N3053 27p 74154 

7 ° P 2N3055 50? 74159 

£V00 2N3391A 29? 74190 

£1 ?S TEST PROBES 

£1 35 Probably the best test probes ever made. When you push a plunger 
£1 55 * • prln ° t £ teel |j{j rke(1 tongue pushes out and hold* the components, 

§0148/158 20 

BZY88C15V 13pJJ 
BZY88C16V 13p m 
BZY88C18V 13p M 
BZY88C20V 13p m 
BZY88C22V 13p M 
BZY88C27V 13p M 

PF104(2N5458) VA1040 
PF105(2N5459) P W005 

15? 2N3702 Op 74102 

15? 2N3703 9p 74193 

15p 2N3705 S? 74197 

30P 2N3707 9? 40309 

|j 74 RESISTORS-METAL OXIDE 

s | 

UP Operas'"Metox" + value. ' P 

BC169C 12 

BC177 14 

JC178 13 

BC182 10 

BC182L 10 

BC183L 10 

BZX61C7V5 23? Jj 
BZX61C8V2 23p " 
BZX61C9V1 23p" 
BZX61C10V 23p[J 

ii]ih!?N 

BZX61C15V 23pN 
BZX61C16V 23p N 
BZX61C18V 23p N 

(T213 25? W08 

KT210 46p ZTX107 

(T21B 25 P ZTX300 

(T223 27? ZTX302 

BTS1 U?ZTX3^ 

KT275 20p ZTX314 

KT279A 12p ZTX320 

3 * P 2N3711 9? 40320 

Jlp 2N3820 OOp 40361 

j 3 p 2N3823E 20p 40362 

Jgp 2N3826 30p 40406 

15p |N3866 £H0 40407 

Up RESISTORS—CARBON FILM 

50p A ranoe of miniature high stability resistors with very low noise 
*fP indicated. 8 (Wattage ratings are at max. 'limiting voltage). ° 

4*P Type No. Wattage Tot. Range Series Price 

53p UPM050 0 5 5% 10E-1M E12 Ip each 

«P UPM050 0-5 10% 1M-4-7M E12 Ip each 

5<P UPM075 0-75 5% 10E-1M E12 Ip each 

6?P UPM075 0-75 10% 1M-4-7M E12 Ip each 

„02p UPM100 1 00 10% 10E-1M El2 Up each 

BC238/308 20 

BC257 9 

BC307 12 

BC308 10t 

BZX61C24V 23p N 
BZX61C27V 23p N 
BZX61C30V 23p N 
CA3004 £2 25 N 

CA30O5 £1 50 N 
CA3011 92p N 

CA3014 IMS N 
CA3018 Up N 

KT351 75p ZTX500 

KT401 71 p ZTX501 

KT402 77p ZTX502 

<T403 65p ZTX503 

KT404 60p ZTX504 

T408 82** 1N3754 

[T773 25? 1N4002 

jj»2N4082 jljj^A 

45B 2N 5245 45p I?!!® 

20p 2N5457(MPF103) 

7p 2N5458(MPF104) P 

£ V‘p° nmmj service plus 

£195 10% DISCOUNT OVER £4 / 

£1 70 NO POSTAGE AND PACKING 

70p TOP QUALITY PRODUCTS / 

7 »P ALWAYS BY RETURN 

,5 P COMPREHENSIVE CAT. »—> / 

JCY33 20 

BCY38 30 

CA3028A £ 88p C 

TGD10 40p 1N4004 
A47 8p IN4005 

10? 2N5459(MPF105) 40669 

12? 48p 40673 

15p 2N5777 45p 40739 

£, „" EDUCATIONAL ORDERS A 
£15* SPECIALITY .♦* 

mmu /////& 

HEomnun in. 
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HARTLEY TYPE 13A 

ONLY £1800 

DOUBLE BEAM OSCILLOSCOPE 

- TB2Hz-750kHz. Band width S-SMHz. 
Sensitivity 33Mv/cm. Calibration 

markers 100kHz and IMHz. A com- 
pletely reliable general purpose oscillo¬ 
scope. Supplied with CIRCUIT 
DIAGRAM and Mains lead. Carr. 
£1-50. 

As above. Complete with all 
accessories. £25-00. Carr. £1-50. 

Many other oscilloscopes available. 

SAVE THOSE EXPENSIVE IC’s 

with an AP Test Clip. £1 ea. P. & P. 
lOp. 

P.C.B. pack S & D. Quantity 2 sq ft— 
no tiny pieces. 50p plus P. & P. 20p. 
FIBRE GLASS as above £1 plus 

P. & P. 20p. 

DELIVERED TO YOUR DOOR 

1 cwt of Electronic Scrap chassis, 
boards, etc. No Rubbish. FOR ONLY 

£3 50. 

LOOSE LEAF BINDERS. Blue 

plastic cover. 4 ring. Standard size. 

4 for £1. P. & P. 35p. 25 for £5. 
Carr. £1. 

. GRATICULES. 12cm x 14cm in High 
Quality plastic. 30p ea. P. & P. 5p. 

Panel switches DPDT ex eq. lOp ea.; 
DPSTBrand new, I7pea.; DPSTtwice, 
brand new 25p ea. 

HEAVY DUTY 6 amp 2 pole c/o— 

20p ea. 

MOTOR—miniature synchronous, 
size Ifin x 2in x fin. 240V operation, 

1 rpm. 25p ea. P. & P. 5p. 

FIRST TIME EVER at £42-50 

Solartron CD7IIS2 Double Beam Oscilloscope d.c.—9MHz; 3mV/cm; 
trigger delay; crystal calibrator; 4in flat faced tube. In good working 
- condition. Carriage £1-50. 

ELECTRONIC TIMER UNITS— wall or bench mounting— 

2 Hybrid timer boards may be removed leaving excellent 12V battery 
charger; d.c. Power supply, etc. Price only £2-50 incl. carriage. 

CAPACITOR PACK—50 Brand new 
components only 50p. P. & P. I7p. 
POTS—10 different values. Brand 
new—50p. P. & P. I7p. 
COMPONENT PACK consisting of 
2-2 pole 2 amp push on/off switches; 

4 pots, various, brand new; 250 
resistors f and j watt, many high stabs, 
etc. Fine value at 50p per pack. 

P. & P. I7p. 

TRIMMER PACK. 2 Twin 50/200pF 
ceramic 2 Twin IO/60pF ceramic; 

2 min strip with 4 preset 5/20pF on 
each; 3 air spaced preset 30/1 OOpF on 
ceramic base. ALL BRAND NEW, 
25p the lot. P. &P. lOp. 

5 GOOD QUALITY MOVING COIL 
METERS, £3. P. & P. 37p. 

5 CRYSTALS 70 to 90kHz. Our 

Matched pairs, 50p per pair. P. & P. 
I5p. 


SINE to SQUARE CONVERTOR 
SHz to 250kHz 

9V operation.. Sine input I-I5V—out¬ 
put 0-7V. Completely assembled with 
amplitude control and mark space 
preset, £2-25 ea. P. & P. I5p. 


MODERN TELEPHONES type 706. 
Two tone grey, £3-75 ea. The same 
but black, £2-75 ea. P. & P. 25p ea. 
AS NEW type 706 BLUE, £5 ea. 
P. & P. 25p. 

Also TOPAZ YELLOW *450 ea. 

P. & P. 25p. 

STANDARD GPO DIAL TELE¬ 
PHONE (black) with internal bell. 
87p ea. P. & P. 50p. Two for £1-50. 
P. & P. 75p. All telephones complete 
with bell and dial. 


MULLARD ELECTROLYTICS 

2200MFD 100 V 
I0A (50°C) 

70p each 

BRAND NEW BOXED 
10 off — 60p each 
100 off — 45p each 
47000 MFD 25V 28A 
60p each 
P. & P. I0p 
LARGER REDUCTION FOR QUANTITY 


POTENTIOMETERS 
COLVERN 3 watt. Brand new, 5; 10; 
25; 500 ohms; I; 2-5; 5; 10; 25; 50K all 
at I3p ea. 

MORGANITE Special Brand 
2-5; 10; 100; 250; 500K; 2-5 meg. lin 
sealed, I7p ea. 

BERCO 2± Watt. Brand new, 5; 
10; 50; 250 ; 500 ohms; I; 2-5; 5; 10; 
25; 50K at I5p ea. 

STANDARD 2 meg. log pots. 
Current type I5p ea. 

INSTRUMENT 3in Colverr. 5 ohm 
, a.;50Kand lOOKSOpe; 
BOURNS TRIMPOT POTENTIO¬ 
METERS. 10;, 20; 50; 100; 200; 
500 ohms; I; 2; 2-5; 5; 10; 25K at 
35p ea. ALL BRAND NEW. 
RELIANCE P.C.B. mounting: 270; 
470 ; 500 ohms; I0K at 35p ea. ALL 
BRAND NEW. 


20Hz to 200kHz WB 
SINE AND SQUARE 
GENERATOR 

Four ranges. Independent ampli¬ 
tude controls, thermistor 
stabilised. Ready to use. 9V 
supply required. £6-85 each. 

P. 25p. (Not cased, not 
calibrated.) 

WOBBULATOR 
Sweeps 8 to 45MHz ready to use. 
6-3V a.c. required. £9 each. 
[P. & P. 25p. (Not cased, not 
calibrated.) 


MANUALS AVAILABLE 


Cossor 

Solartron 

Advance 

Telequipment 

339 

D300 

DA 

S3I 

1035 

CT436 

D2 

S32A 

1049 

CD523S2 

J 

D43 

E.M.I. 

AD557 

. Furzehill 

Hartley I3A 

WM2 

CD7IIS2 

0160 

CT38 

WM8 


1684 



This is only a small example of the manuals we have in stock, S.A.E. 
with your enquiries—we may be able to help. 


CHILTMEAD LTD 

79 ARTHUR ROAD, READING, BERKS, (rear Tech. College) Tel.; Reading 582605/65916 
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TONE TESTER 




Dept E 58-60 Redchurch St 
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MISCELLANEOUS 



it/* TWO KITS^IN ONE because ^you^fet 

iec t**REALL"FUl^-TO^BUILD°'w*i th the 
•-FOLLOW instructions. An extremely 
-irk , n AMAZING RANGE— 
>r SCHOOL PROJECTS, 


STONELEIGH, EWELL, SURREY 




BATTERY DRAIN give 


he MOST BRILLIANT 


id BEST EVER INTERNATIONAL PFRFOR- 


HUNDREDS of makes and types of 200-240 
volt AC and UNIVERSAL AC/DC ELECTRICAL 


TUBES up to the GIANT 8ft. 125 wl_ 

RECHARGES YOUR BATTERY from any 

A^MAINs'battery “chaffer! Should 
£14 + £1 delivery. OUR PRICE (UNUSED 
but case marked) ONLY £6 90 + £l deliv¬ 
ery. 8 day’s appro, afainst cash. C.O.D. 
with pleasure. (Send SAE for details) 

Dept PE, BROADWAY DISTRIBUTORS, The 
Generator Centre, Rouse of Time, 273 
Broadway, Rossall, Fleetwood, Lancs. 


DIMMIT 

range of light dimmers 

★ professional modules for industrial 
use on heaters, lamps, motors, etc. 

★ commercial modules for studio, 
stage, disco and clubs, etc. 

★ attractive standard wall mounting 
models for home and office, etc. 

Rotary and slider control versions. 

Ratings available: 400W, 1.000W, 


Kits are now available with comp 
rehensive construction manual 
(also available separately at 65p.) 

CROFTON ELECTRONICS 
15/17 Cambridge Road, Kingston- 
on-Thames, Surrey KT1 3NG 


CONSTRUCTION AIDS. Screws, nuts, spacers, 
etc., in small quantities. Aluminium panels 
punched to spec, or plain sheet supplied. 
Fascia panels etched aluminium to individual 
requirements. Printed circuit boards—masters, 
negatives and boards, one-off or small numbers 
Send 6p for list. RAMAR CONSTRUCTOR 
SERVICES, 29 Shelbourne Road, Stratford- 
on-Avon, Warwks. 

MUSIC- 

your interest is in SYNTHESISERS ar 
ler ELECTRONIC MUSIC projects, yc 


with project layouts. Send 20p P.O. to: 

TAYLOR ELECTRONIC MUSIC DEVICES 


CLEARING LABORATORY, scopes, V.T.V.M’s, 
V.O.M’s, H.S. recorders, transcription turn¬ 
tables, electronic testmeters, calibration units, 
P.S.U.’s, pulse generators, D.C. null- 
potentiometers, bridges, spectrum analysers, 
voltage regulators, sig-gens, M C relays, 
components, etc. Lower Beeding 22 n 


PSYCHEDELIC MINI-STROBE 

A very . POWERFUL, POCKET-SIZED 
STROBE-LIGHT that is SELF-CONTAINED 

and Y r<saUy n BRAInTfREEZE C tiMm P *w!th 
DAZZLING PSYCHEDELIC EFFECTS and 
STOP-MOTION FLASHES. Boffin’s new 
MINI-STROBE kit constitutes a fully 
COMPLETE Cl ^[th n ' C FUTU , RI < STIC h,C case/ 
reflector unit^ printed-circuit ^ board, 

built in a few hours. "* " es y 

Avertable FLICKERING FASCINATOR! 
GEt’oNE (or two) NOW and BEGIN 
STEALING THE THUNDER at DISCOS 
and PARTIES with your own POCKET- 
LIGHTNING! 

SEND £1 *5 for YOUR MINI-STROBE, to: 

Boffin Projects 

4 Cunliffe Rd., Stoneleigh, Ewell, Surrey 


P.E. SYNTHESISER 
KNOB KIT 
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^^^^LOUDSPEAKER 

BARGAINS 

SKfiSte— 8 

«£*»•■• “-'' Hi - Fi Loudspeake 

WILMSLOW 
AUDIO, Dept. PE 

Cheshire, SK9 1HF 


Elf H32£!E7' Re " " r 
x liln 

'TgSSoSS:.»,.. 

U*p.p..„. 

SSS51 sat 

pssss- iS .„ 

BpswawHE 



M^fiM^J^LijAMEJWH«EE3tEE8IBLE-CABLB 



?“f^ 1 i “X T P p ^ P AOTIOH 

|W 


ST 1 .. IKHfcWWSV/t 
srsTK,"- 
BHB38MT* 

prSsJSSMt 

POWER UNITS FOR THE ICI2 


SSSjSSSSStST 3 


2!^WE,o,co,o»,.. 3S0yd, 60p, p.p. 20p. 



™ E dif i r75™oz..Tp b i%r°"’- Ei e, "“ > ’ 

T.DECS O.M 


K. , ^U0„ B XdM^ thro ’- 

s«r 



I'a N l C c L u A ^t E o X r ECUT,VE 


FIELD 

ELECTRIC 

LIMITED 






Tel : 01-953 6009 


375 














































BUILD A 

PROFESSIONAL 



You too can build a professional synthesiser like the 
one illustrated using the professionally-proven 
range of Dewtron modules. NEW MODUMATRIX 
modular matrix system replaces clumsy patching. 
3 and 4 octave keyboards and contacts. 

VCO-2 STABLE, PRECISION V/C OSCIL¬ 
LATOR gives SINE, TRIANGULAR AND 
SQUAREWAVE outputs, 1 volt/octave voltage 
control. £22 each or £25 each 2 or more matched. 
SHE-1 SAMPLE, HOLD AND ENVELOPE 
MODULE gives variable attack, sustain, touch- 
sensitive playing when used with VCO-2 signals. 
£15. 

Modules (except VCO-1).guaranteed two years. 


SYNTHESISER 


Dewtron 


(Regd. Trademark) 


PROFESSIONAL MODULES 
CASH SAVINGS 

by buying modules and parts in bulk! 

All modules are available separately: 

Ring Modulator RM2, £8. Voltage-controlled 
Oscillator VC01, £10-50, giving sawtooth and square- 
wave outputs. Envelope shapers, ESI, self- 
triggered or ES2 keyboard-triggered, either type 
£13. White noise type WN1, £7. Voltage-con¬ 
trolled amplifier VCA1, £10. Voltage-controlled 
selective amplifier (filter for waa-waa, etc.) SA1, £12. 
Voltage-controlled Phase PHI, £17. Automatic 
Announcement Fader module for fading of music 
by microphone announcement, AF1, £9. etc., etc. 
ALL MODULES ARE BUILT, TESTED AND 
SEALED FOR LONG LIFE. Simply connect 
coloured wire connections as per easy instructions, 
build cabinet and wire in controls and patchboard 
connections! Joystick controls £4-50. REVERB 
Module and spring unit £15. 


With over 7 years' unblemished reputation in these pages, Dewtron continues to lead in new technical developments in electronic sound 
effects! Ask any of our customers. See our products in the music stores, too. Suppliers of special equipment to a leading group. 
Our modules are used in professional equipment by other manufacturers and in our own built synthesisers, e.g. "Gipsy" G.l. 

Send 15p for full catalogue of our famous musical effects. 


D.E.W. LTD . 


254 Ringwood Road, FERNDOWN, Dorset BH22 9AR 


NEW COMPONENTS 

Pott and packaging free for orders over £1-50, include lOp PAP for each 
single pack under £1-50. 

200 Mixed Resistors all types, SOp. 100 Mixed Modern and Miniature 
Resistors. SOp. lOmF MV Electrolytic Caps, 5 for Up; 11 for SOp. 
MOmF 14V Electrolytic Caps. 3 for 30p; 7 for 40p. lOmF 43V WIMA 
non-electrolytic, ISpeach. 3100mF 10V, ISp; 3for38p; 5 for 40p. 


SEMICONDUCTORS 

Any 4 of the following, SOp, or lOp each. OC7I, BFY50, 2N3702. 
CV84IS, BSY95A, NTG885,2N930. OA8I, 2 x IN9I4. (OR P40 SOp). 


CONSTRUCTORS’ ITEMS 

Subminiature Omron 12V d.c. relays mounted on CCT board. 3 for 40p, 
PAP 9p; mounted on CCT board with components; 2 for 40p, PAP 7p. 
GPO Relays, various 200fl-7000fi, 30p each. Uniselectors. 10 pole. 
2S way. £1 each, PAP Up. Heavy. Duty Foot Pedals. SOp. PAP 20p. 
4V S digit High Speed Counters. £l-S0, ISp PAP. 


DICTATING MACHINES 

£2-50 each—ideal for spares, motor, power pack, record/replay, 
electronics with mike £3>25. 


TRANSFORMERS 

Mains—13V 2 5A and 15V 0 75A £1 45, 20p PAP. Mains-13V IA 12V 

0 5A, £1-25. 20p PAP. Mains-l3V 5A and 24V 2A, £2. Up. PAP. 

Mains—24V 100 mA and 4V 100mA. 7Sp, ^PAP^ Cassette* 


Recorder. S-SV 100mA, smoothed d.c. output £1-20, 20p PAP. 


EX COMPUTER CIRCUIT BOARDS 

i°£;»2^ SOP, 7p PAP. 

LAWBAK ELECTRONICS 

(HI-FI AND COMPONENTS SPECIALISTS) 

18 HIGH RD., SWAYTHLING, SOUTHAMPTON 
Telephone: Southampton 58479 

No Half Day Closing 

Discount and Credit Terms Available 




MINIATURE PUSH-BUTTON SWITCHES 



: P. up to £8—lOp. Orel S3—free—Po«t»l only. 

BORDER ELECTRONICS (Supplies and Manufacture) 
8 Broompark, KELSO, Roxburghshire TD5 7SN 
Tel.: Kelso 2864 
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Dver ISO ways 
;o engineer a 
>etter future 



find out how 
in just 2 minutes 

s how long it will take you to fill in the coupon. Mail 
B.I.E.T. and we’ll send you full details and a free 
B.I.E.T. has successfully trained thousands of men at 


ert P CoViplete°thc coupon (or write if you prefer not to cut the 
e). No obligation and nobody will call on you . . . but it could be 
’ •-ir did. 



? OUrFOR YOORSfCF 


IhfJuahaBJETHome 

Scourse.Choose I 

%ur subject now! 


— —CUT OUT THIS COUPON™ 
Tick or state subject of intei 
Post to address below. 
MECHANICAL Man. Prod.- 

A.M.S.E. (Mech.) □ Quality Con- 
Boiler Inspect. Salesmanship 

& gyration □ Storekeeping: 

C&GFabrlcat. ‘ 


r-! 



POST TODAY FOR A 
BETTERTOMORROW 


















■ - 


YOUR COMPLETE AIIDIO-ELECTBOWIC STORES^ 




























































